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OLO'THING AND NECESSARIES (including Materials). Priced Vocabulary 
ol 1907. 18. 6d. x 

Ditto, Part IT]. Sec. IX. Rates for Worn-out Clothing. 2d. 
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OLUBS, loxulation, Exercises for the. 1863, (Reprinted 1887), 8d. 

OOLOMMATHR GARRISON, Standing Orders. 1909. 7d. 
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OOMMAND. WESTERN. Standing Orders. Sept. 1907. 2d. 

OOMMANDS, Military, and Staff in the United Kingdom, Reorganization of, (Shecial 
A.O., bee 6, 1905, with alterations to date. Issued with pecial A.O., Nov. 11, 
107). Bd. 

OOMMISSION IN H.M. REGULAR ARMY. Short Guide to the various 
ways of obtaining a; &c., &e. Nov., 1908, 2d. 

QOONVEYANCE OF TROOPS AND ISSUE OF TRAVELLING 
WARRANTS, Instructions, 1906. 2d. 

OOOKING, Military. Manual. Reprinted with amendments, Feb., 1904. 6d. 
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VOURSES OF INSTRUCTION, 1909. Regular Forces, Special Reserve, and 
Norritorial Force, 2d. 

OYOLIST TRAINING. Provisional. 1908. 4d. 

DIVISION ORDERS. Extracts from. 1880. 2s. 6d. 

DRAINAGE MANUAL. 1907. 2s. 6d. 

DRAWING PLATES. Military :— 

Attack of Dufor’s Countermines or 2nd plate of Mines; Carnot’s First System , 
Detached Forts; Concealed Defences, 1, 2, 8, 4; Printing Plate, A, B, 0, &c.; 
Dotail Plate, No. 1; Do., No. 2; Neighbourhood of Woolwich; Village and 
Surrounding Ground. Each 2d. . ; : 

Attack of Fortress—Preliminary Operations ; Do., Distant Attack: Do,, Close 

Attack; Neighbourhood of Metz. Each 3d. ; 

Woods and Villages. 6 plates. Hach 6d. 

Noighbourhood of Woolwich. Southern Side. 1s. 6d. 
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of Drummers and Flautists. 1887. 2s. 
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EGYPT. BRITISH FORCE IN. Standing Orders. 1909. 1s. 
EGYPT. CAMPAIGN OF 1882 IN. Military History. With Case of H i, 
Condensed Edition. 1908. 8s. 6d. y Jae 
ELECTRICAL COMMUNICATIONS IN FORTRESSES, GARRISOw. |} 
{ AND ON RANGES. Instructions for the Provision and Maintenance of, 
Provisional. 1909. 4d. / 
} ELECTRICITY AND MAGNETISM. Text Book for use at the R.M. Academy. 
' 1902. (Reprinted 1909). 5s. 
ELECTRICITY. Noteson. for use of the Garrison Artillery. 1907. 1s. 6d. 


ELECTRIC LIGHTING. Military. Vol.I. (Jn the press); Vol. II. 1909. 1s. 6d, 
ENGINEER SERVICES Regns. (Under revision); Part II. Amendments, 2d. 


ENGINEERING. Military:— 
Part J. Field Defences. 1908. 1s. 6d. ; 
Part II. Attack and Defence of Fortresses. 1896. 1s. 3d. (Under revision) 
Part III. Military Bridging and Use of Spars. Corrected to Jan., 190%. 1s. 6d. 
(Under revision) 
| Part [V. Mining and Demolitions. 1901. 1s. 6d. 
' Part V. Miscellaneous. 1907, 1s. 3d. 
| Part VI. Military Railways. 1898. (Reprinted 1904). 4s. 
Manual of. 1905. 1s, , 


ENGINEERS. ROYAL. TRAINING. 1907. 6d. 


EQUIPMENT Regns. :— 
Part1. 1909. ‘1s. 
Part 2. Details— 
Secs. I. Infantry. 1908. 4d.; Ia, Mounted Infantry. 1909. 6d.; II. Cavalry. 
1908. 3d.;. II]. Army Service Corps. 1908. 3d.; IV., [Va, and IV6. 
Army Ordnance Corps. Army Pay Corps. Army Veterinary Oorps. + 
Regular Army). 1909, 2d.; V. Royal Army Medical Corps. 1908. 2d. ; 
J.-[X. R.M. Academy; R.M. and Staff Colleges; School of Signalling ; 
Garrison Staff, Schools of Instruction, and Staff Clerks; Military Prisons, 
Detention Barracks and Military Provost Staff Corps. 1907. 2d.; X. 
Engineers. 1902, 6d.; XIa. Horse Artillery. Q,F. 13-pr. 1908. 9d.; Xb, 
Field Artillery. Q.F. 18-pr. 1908. 6d.; XIc, Field Artillery. B.L. 5-in, 
Howitzer. 1908, 9d.; XId. Horse and Field Artillery. Staff and Depéts.: 
Q.F. 13- and 18-pr. Equipments, Riding Establishment, School of Gunnery 
(Horse and Field), and Mounted Band, _ 1909. 3d.; XIla. Royal Garrison 
Artillery. 1904. 2s. 6d.; XIIb. Royal Garrison Artillery, Siege Artillery, 
and Movable Armament. 1906. Provisional. 1s. 3d.; XIIc. Heavy 
Artillery, B.L. 60-pr. (Regular Army), 1909. 6d.; XIII. Head- 
quarters Units (War). 1909. 2d.; X1V. Base Remount Dept and 
Advanced Remount Dep6ét,-War only. 1907. 2d.; XVI. Special Reserve, 
1909. “4d.; XVII. Officers Training Corps. 1909. 3d.; XVIII. Volun- 
teers. 1905. 6d.; Practice Batteries and Drill Guns (Fixed Mountings) 
of the Royal Garrison Artillery. (Part 2., Secns. XIIa, and XVI., and 
Part 3), 1909. 1s. 6d. a 
Amendments to Parts 1 and 2. Jan., Feb., April, May, Aug., Sept., Dec. 1907; 
March 1908; July 1909. Each 1d. 
Part 3. Territorial Force. 1909. 6d. / 
Ditto. Ditto. Artillery Details, Table 22. Peace only. 6d, 
Amendments to Parts 1,2, and 3. Aug. 1908; Oct. 1909. Each 1d. 
Amendments to-Parts 2 and 3. Jan. 1909. 1a. 
EQUIPMENT. INFANTRY. Pattern 1908 Web. 2d. i 
ESTABLISHMENTS. War. 1909-10. Expeditionary Force. 8d, (Jn the press) 
Ditto. 1908-9.. Territorial Force. Provisional. 8d. 
“EXAMINATION PAPERS. Military :— 
Qualifying Certificates. Sept. 1905, March 1906, March, Sept. 1907, March, 
Sept. 1908, March, Sept. 1909. Each 6d. 
Entrance: 1, k.M. Academy; 2, R.M. College. Nov.-Dec. 1905, June-July, Nov.- — 


Dec, 1906, June-July, Nov.—Dec, 1907, June-July, Nov.-Dec. 1908, June-July 
1909. Hach 1s. f 5 
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The (llowie definitions volute to terms used in connection 
With thie Hite eel oe iia ammunition. The terms used in 
Mart dl will te found defined at the commencement of that 
pertion ab the took 


The Arm, 


Hilo wud bhade ave two forme of foresight used with rifles 
tae Wipe 1 andl VY) 


Wig, Le 


Barleycorn. 


Fig. 2. 
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Blade. 


T’ho bore is the interior of the barrel between the front end 
of the chamber and the muzzle. This term is also sometimes 
usod to denote the calibre. 

The calibre is the diameter of the bore, measured across the 
lands. In Mngland it is recorded in inches and on the Continent 
in millimetres. 
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Tho chape is the metal tip at the bottom end of a leather 
seabbard, 

Lands axe the portions of the bore left between the grooves of 
the rifling. 

The lead (pronounced as the verb to lead) is the conical part 
of the bore just in front of the cartridge chamber. It forms a 
funnel to lead the bullet into the rifling. 

The locket is the metal band round the top end of a leather 
scabbard. 

Primary extraction is the first backward motion or loosening 
of the cartridge in the chamber, effected while disengaging the 
lugs of the bolt from their seating. 

Rifling is the name given to the spiral grooves cut in the 
surface of the bore with the object of giving a rotatory motion 
to the bullet. 

The following are examples of forms of grooves :— 


METFORD. ENFIELD. 


The Ammunition. 


Blow back* is an escape of gas between the cap and the sides 
of the cap chamber, and this term is not to be used to denote 
an escape of gas due to bursts or other causes. 

Burst*, in a cartridge case, as distinguished from a 
“Separation,” may be either circumferential or longitudinal. 
In reporting a burst, its position in or above the base should be 
stated. A burst well away from the base is less likely to be 
serious than one in or close to the base. 

A charger is a holder which contains a charge (usually 5) 
of cartridges, for the magazine of «a rifle. On loading, the 
cartridges are swept out of the charger into the magazine. 

A clip is a holder, which contains a charge (usually 5) of 
cartridges, for the magazine of a rifle. On loading, the clip and 
cartridges are inserted into the magazine; the clip drops out of 
the bottom of the magazine when empty. 

A compound bullet is one composed of a lead core with a thin 
envelope or jacket of hard metal covering its nose and generally 
its sides. 

Fluted* cases are those in which the powder gas has got 
between the neck of the case and the walls of the chamber, and 
has forced the metal inwards. 


* These terms are to be rigidly adhered to when defects in ammunition 
are reported. 
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Poadigy oy wetatlio fouling conmiet of the particles of motal 
ddutmuhwrt foo The eileen at lead ov compound ballet respec- 
Heele, whiok pihare fo the nuetaee of the | 
Dy ee deeorite Tiieete whieh ave die to the abrotehing 
at nif pies te Teta owing to exeonnive baoleward play of the 
bobo telihend  Cepiiationa may be partial or complete, and 
iy bale plese da any part ot the case, hoy are distinguished 
fr Wiirete hy the torn edgen of the motal not being fused, 
ti dee ot doubt ae be the onually being a burst or a separation, 
the ville oy tiaeline pain ehould be overhauled, 
Py) so beat whieh occurs at the neck or shoulder of the 
eae bebloe vane 
‘hippy A compound bullet is said to strip when the lead 
ee te (iia i (hroupgh the envelope, generally leaving the latter 
in the bore Thin in also termed a blow through. <A lead 
Hillel in siidl to aleip when it is blown out of the bore, across 
the line, without following the rifling. 
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* These terms are to ihe rigidly adhered to when defecte:i in ammunition 
are reported. 
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CHAPTER II 


Tur InrropvuctTion or Rirtrnc. Huisrory or Ririus up 70 tHE 
Inrropucrion or Macazine Arms. 


The accuracy and range of firearms used in war, on which so 
large a part of their efficiency depends, is due to the invention 
of the spiral grooving of the barrel. This invention did not 
follow till some 200 years after the first use of firearms, while 
its general adoption for military purposes does not even date 
back beyond the middle of the 19th century. 

In its essence rifling may be defined as a spiral grooving cut 
on the inner surface of the barrel, which causes the projectile 
to revolve while passing to the muzzle. The rotation thus 
imparted continues during flight, giving gyroscopic stability, 
and equalising in all directions the tendencies to erratic flight 
caused by irregularities of form or density. 

Little is known of the early history of rifling. It cannot, 
however, have originated until the manufacture of firearms had 
reached some degree of accuracy. It seems probable that it 
| was the invention of some individual genius, but the inventor’s 
name is not known with certainty. It has been variously 
ascribed to Gaspard Kollner, of Vienna, in the 15th century, 
and to Augustus Kotter, of Nuremburg, in 1520. The 
invention certainly dates back to the first half of the 16th 
century, but there is no adequate evidence to carry it back to 
the 15th. It had certainly reached this country from the 
Continent by 1594. 

The practice of spinning a spear or dart when thrown, or an 
arrow by spiral feathering to steady it in flight, was well 
known at an early date, and we may dismiss the often-repeated 
story that rifling had its origin in straight grooves, made to 
receive the fouling, and that by.an accident these were on some 
occasion made spiral, and the virtue of spiral grooving thus 
discovered. ‘There seems to be no evidence in support of the 
story. The earliest known rifle barrels have spiral grooving. 

It was natural that such an invention should first be 
developed in connection with sporting weapons, and that its 
application to military weapons should not take place until it 
had been: well proved. No systematic arming of troops with it 
seems to have taken place before the end of the 16th century. 
At the beginning of the 17th, a number of rifles were made for 
the use of the Danish troops under Christian IV. The Elector 
Maximilian is said to have introduced rifled firearms into the 
Bavarian Army at the end of the Thirty Years’ War (Deane’s 
“ Manual of Firearms”). Marshal Puységur in the 17th century 
recommended that a certain number of men in each company of 
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the Wieneh tatantiey ehould be armed with riflos. A. rifled 
patie eee the wei ol at least some of the Mronch Cavalry 
Peptieate betare abo 

Thy prestieal difioultios attending the use of the rifle for 
bere pitpomen were proat, It required a ball fully an large 
ye the tere ait thin had to be forcibly inserted into the 
ety til bined down, The powder left much fouling in 
Hy tee Gal thin added much to the difficulty of loading. In 
the “ioath bore lavquebus or musket, on the other hand, it 
He) ou loniry to use a ball considerably smaller than the bore, 
pe thatthe vem eould be loaded without difficulty even when 
foul The lassen of velocity and accuracy due to this method 
Here Hel very tutorial at the short distance at which the 
intl love wan effective. Rapidity of fire, then, being 
inpompulilile with the use of the rifle, the attempt to make use 
of Ho in the lianda of regular troops seems to have been 
Hhandoood diving the greater part of the 18th century. Mr. 
(iioee, ii lin book on “ Military Antiquities,” written in 1786, 


Hees hol so much os mention the rifle as a military arm. 
Iho plonomena of the flight of rifled projectiles have long 
‘pied (he attention of scientific men. The earliest and best 


hiown investigator in this country was Benjamin Robins (1707- 
1/51), Ile proved by careful trial that the erratic flight of a 
itielkol ball was largely due to its bounding from side to side of 
(ho barrel in iis passage, and receiving from the last point which 
i louehed not only an oblique, but a rotary motion, owing to 
vlhich the deviation from the line of aim increased out of all 
proportion to the range. He proved, what had not been fully 
rwopnined, that a ball from a rifle travelled with the same 
part lovemost which had been put uppermost in the barrel, and 
(lat (his was due to the spin imparted by the rifling. He 
iitiod wp the practical result of his observations by a very 
‘omurkuble prophecy, as follows: ‘“ Whatever State shall 
(horoughly comprehend the nature and advantages of rifled 
lnvrel pieces, and, having facilitated and completed their 
couilruction, shall introduce into their armies their general 
iio, with a dexterity in the management of them, will by this 
means Acquire a superiority which will almost equal anything 
(hat has been done at any time by the particular excellence of 
any one kind of arms, and will, perhaps, fall but little short of 
the wonderful effects which histories relate to have been 
formerly produced by the first inventors of firearms.’ (‘“ New 
Vrinciples of Gunnery, 1742.”) 

The difficulties which have been mentioned as unfitting the 
ville for war were far less serious when it was used for sport. 
llore accuracy was far more important, and the difference in 
rapidity of loading as compared with the smooth bore far less 
io, wb least as regards Huropean game. In the Tyrol, and in 
Mwitzerland, at all events, the rifle early came into vogue. 
Whero steep and broken ground assimilated the conditions 
of war to those of sport, by preventing the movement of close 
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bodies of men, it was always a formidable weapon. Though 
we do not hear of it as being prominent in the formed 
Kuropean armies of the middle of the 17th century, it played 
its part with success in the American War of Independence, in 
which the hunter’s weapon became of necessity a military arm. 
It was, perhaps, on this account that it was tried for some of 
the French troops by Napoleon, only to be abandoned again in 
1793. It was certainly owing to Transatlantic experience, and 
to corps of Jigers having been recruited cn the Continent 
to fight on the British side in America, that the military 
authorities of this country accepted the suggestion of Colonel 
Coote Manningham to raise a corps of men to be armed with 
the rifle, under the title of the Rifle Brigade. This corps was a 
success from the first. After careful trials of foreign, as well 
as British rifles, the Baker rifle was adopted for it. This was 
a rifle of 20-bore, weighing 9} Ibs., and sighted for 100 and 
200 yards. The barrel was 2 feet 6 inches in length, and had 
seven grooves with a spiral, making one turn in 10 feet. Small 
wooden mallets were at first issued in order to force the ball 
to enter the rifling, but these. were before long discarded. 
This rifle, like other firearms of the time, had a flint lock. 
A second battalion of the Rifle Brigade was raised in 1805. 
It was armed with an improved weapon, the Brunswick 
rifle, after trials by a Committee which assembled at Woolwich 
in 1836. In this rifle, which was of larger bore (°704-inch) 
than the Baker, the ignition was on the percussion principle, 
which had been invented by the Rev. Alexander Forsyth, M.A., 
LL.D., Minister of Belhelvie, Aberdeenshire, in 1805. The 
weight of this arm was 11] lbs. 5 oz., and it was sighted to 300 
yards. There were two grooves, which were semicircular in 
shape; the round bali had a belt cast completely round it, and 
this fitted the grooves. A notch cut across the muzzle of the 
rifle served to guide the ball into the grooving. The spiral 
made one turn in the length of the barrel (30 inches); so rapid 
a spiral became possible owing to the good hold given by the 
mechanical fit of the ball to the grooves. But the difficulties 
caused by the accumulation ‘of fouling were not diminished 
by the new system, and it was not many years before this 
rifle was superseded in its turn. 

Meanwhile, attempts were being made in many quarters to 
solve, in one way or another, the problem of obtaining a 
close fit of the ball to the bore without having to force it 
in. It was evident that if the ball could be made to expand 
and fill the grooving after it had been dropped into the barrel, 
the main difficulty would be avoided. To effect this, 
M. Delvigne, a French infantry officer, reduced the diameter 
of the powder chamber, making it smaller than the bore, and 
leaving a square ledge at its mouth. If, now, a spherical 
ball, fitting the barrel easily, were pushed down upon it, and 
afew blows struck on it with a heavy ramrod, the ball, which 
was of soft lead, was slightly flattened, and at the same time 
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ve putted fifty dhe prooying, ‘The expansion of the ball was 
Hipittant ofebooaly tov noourmey of shooting, but because a 
litee Hall wie Liahle ba he ‘hinplaced, or even bo voll out of the 
Baal if die wudale was hold downwards, With this aysatem, 
Hho eho Hep showed an improvement, bat the fouling: in’ and 
phot He olatiher etill made difficulties, and the deformation 
Pils bell tended to make the shooting erratic. Matters were 

Hee hat taproved by wrapping the ball in a thin, greased 

polol til plot ib ina wooden sabot, which rested on the 
houltiie ol the chamber; these modifications were introduced 
hy Colonel Ponoharva in 1833. With this method of loading 
(he arth win used by the first company of Chasseurs-a-pied, the 
Hele ol the Tiralleurs de Vineennes, which was the first of 
the Proneh ville battalions. 

\iothor method of expanding the ball, by means of the 
hamrod, was introduced by Colonel Thouvenin. This was to 
plioe in the centre of the breech of the rifle a small pillar of 

feel, round which the powder lay. The pillar formed an 

‘nvil, On which the ball was flattened out by blows from the 
runvod, ‘This invention, known as the carabine-a-tige, met 
with lithle syecess so long as the spherical ball was used, 
hut the latter was soon to be superseded. ‘The change of form 
from the spherical to the conical ball was the next step. It 
alyed the problems of making loading easy, and of giving to 
ile projectile greater ballistic efficiency. 

Kobins 100 years before had recommended an egg-shaped ball. 
(iveoner in 1836 produced a ball of this shape with a tapered 
hollow and a tapered plug of rather larger size, which being 
‘riven home by the explosion would expand the ball to the full 
vive of the bore, but the Committee to which the invention was 
submitted vejected it, after some unsatisfactory trials, on the 
yround that the bullet was a compound one and therefore 
‘iisuited for H.M. service.* Bullets of modified form, having a 
liamispherical base and the fore part tapering to a point, were 
(vicd in America about this time. No very practical improve- 
mont was effected, however, by such means. It was the cylindro- 
conoidal bullet, with a flat hollowed base, which was destined 
\o bring about a revolution in firearms. Such a bullet, having 
w flat base, had been suggested by Delvigne, and was tried by 
'l'hierry in the Delvigne rifle soon after 1830. Colonel Davidson’s 
hullet, used by him in India in 1832 and by the Edinburgh 
Ktifle Clab in 1840, was of this kind; it had an ogival head and 
 cannelure near the base. A bullet of very similar shape was 
used by Captain Minié of the Chasseurs d’Orléans in the 
Thouvenin rifle, to which it was much better suited than the 
spherical ball. The ramrod was made with a hollow in it of the 
sume shape as the fore part of the bullet, so as to drive it home 
without deformation. Many of the early pointed bullets, known 


* In® 1857, however, the Board of Ordnance awarded £1,000 ‘to 
Mr. Greener ‘‘for the first public suggestion of the principles of expansion, 
commonly called the Minié principle in 1836.” 
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vs picket (peaked) bullets had a long taper forward and a very 
short cylindrical part in front of the base. They were conse- 
quently liable to lie askew during their passage up the barrel 
and in leaving the muzzle, and so to make erratic shooting. But 
the importance of giving the bullet sufficient hold on the rifling 
to centre it properly was soon understood. Captain Minié in 
1849 produced a hollow-based bullet which expanded satis- 
factorily when fired from a flat-breeched rifle. The idea of the 
hollow base was not new. So long before as 1823 Captain 
Norton had imagined that it should be possible to expand the 
bullet satisfactorily by making the greater part of it cylindrical, 
and giving it a hollow interior large enough to contain the 
powder charge. This does not seem to have been a very 
practical invention, and it was rejected in 1824 by the Select 
Committee on Firearms on the ground that a spherical ball was 
the only shape of projectile adapted for military purposes. 
Minié’s method of insuring expansion was to have a deep taper 
hollow in the base, with a small hemispherical iron cup fitting it. 
This was driven some distance into the hollow by the explosion, 
and so expanded the bullet. In this bullet there were two 
cannelures near the base, cut with their lower sides: at right 
angles to the axis of the bullet and their upper sides sloping at 
an angle of about 45°. This was a device of Captain Tamisier’s, 
the object being to present behind the centre of gravity an 
increased resisting surface to the air if the bullet were not 
spinning true in its flight. But it was soon found that these 
were not necessary. Similarly, the hollow at the base was 
eommonly made large with the object of throwing forward the 
centre of gravity, a point on which great stress was laid at this 
time. But such devices were only necessary because the bullet 
was deficient in gyroscopic stability. The simple remedy for 
this was to quicken the spiral and so to increase the rate of spin. 
The hesitation in adopting this course was due (1) to the fear 
of the bullet stripping—a constant danger with the spherical 
ball—and (2) to an exaggerated idea of the loss of velocity 
caused by the extra fr iction of a comparatively rapid spiral. 

The first successful expanding bullet was Minié’s, and with it 
loading became practically as easy with the rifle as with the 
musket. His system was quickly adopted in one form or 
another by different nations. In 1851 the “ English Minié” 
rifle was introduced into the British Army ; its dimensions, &c., 
being as follows :— 

Weight with bayonet .. -. LO Ibs. 83 oz. 


- of barrel ee .. ATbs. 10 oz. 
Length of ,, .. “s tel Mi Ouktty oon 
Diameter of bore ts Hee Ona. 
Number of grooves A Ppt 
Pitch of spiral .. Se pa) Ay torn in 6 ft; 
Diameter of bullet ak Behm ays Jv i 
Weight of bullet .. ri .. 680 grains. 

‘3 powder ces .. 24 drs. 
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Vie ville win Wighted to 1,000 yards. It was used by some of 


the Hoopes ti tho Crimea, but was never generally issued. The 
Hit aitition of the Minié bullet tried by the military 
fithetitios was conoidal in shape, with a large hollow, and 


hts ne oylindrical part, did not centre truly in passing up the 
bot The cannelures were omitted as unnecessary. ‘lhe shape 
) Waiproved, and with a hemispherical iron cup at the base of 
(hy hollow, fo assist expansion, it shot with fair accuracy. It 
‘elo happened, however, that the iron cup was driven 
fill through the bullet, as the internal hollow was large, and 
(he iilornal pressure driving the walls against the surface of 
(he hore very great. The ammunition for this rifle was made 
up into cartridges; the point of the bullet lying next the part 
poutiining the powder. After pouring the powder into the 
luvrol, the cartridge was reversed, the paper above the bullet 
torn olf, and the bullet, which was lubricated with a mixture of 
live parts of tallow to one of beeswax, rammed home. 

\y w makeshift arrangement, a number of 1842 pattern 
‘iiulols were rifled and issued to the Royal Marines. They 

vi0 known as sea-service rifles, and fired a bullet of the Minié 
pullorn 731 inches in diameter and weighing 825 grains. The 
powder charge was 8 drams. Prior to this production of rifles 
ii (he Minié system, the only advance that had been made on 
(ho arms of the Rifle Brigade already described consisted in the 
iu to the 1st Battalion during the Kaffir War (1846-1852) of a 
orliin number of Lancaster rifles carrying a flat-based conical 
lilleb cast with two wings to fit the grooving. With this rifle, 
which was sighted to 900 yards, some useful work was done, 
(honeh its accuracy was not great. 

li was by this time evident that a new rifled arm was 
nwnded for the whole of the British forees. A Committee 
wvordingly sat in 1852 for the purpose of deciding on the 
puttorn to be adopted. They tried the rifles of several private 
makers against one prodnced at the Royal Small Arms Factory 
1 Mnfield. Lancaster’s oval bore rifling (a very old invention) 
was not thought to give any advantage over grooves of the 
ordinary kind. Nor did there appear sufficient reason for 
adopting the inereased spiral of the Lancaster or Purdey rifles. 
The conical expanding bullet was common to all the rifles tried 
except the Brunswick, which was shot alongside them and 
proved itself much inferior. The Committee recommended the 
infield rifle, the dimensions of which were settled as follows :— 

Weight ae are -. 8lbs. 143 oz. 


Weight of barrel .. «- Albs. 4 oz. 

Liength of _,, Me Reger amucesyibae 
Diameter of bore .. lea ted cat g 

Number of grooves Re saiay 

Pitch of spiral hie .. J turn in 6 ft. 6 in. 
Diameter of Pritchett bullet °568 in. 

Weight of bullet .. -. 930 grains. 

Charge of powder .. vo) Oe drs. 
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The backsight was of Westley-Richards’s pattern with a. 
hinged leaf capable of being folded down either forward or 
backward. 

In 1853 the Pritchett bullet, having a hollow base without 
plug or cup to assist expansion was adopted for the Enfield 
rifle. The form and dimensions of this bullet had been sug- 
gested to Mr. Pritchett by Mr. Metford. In 1855, however, 
the form of the cavity in the base was altered, and a wooden 
plug inserted, to give a greater range of expansion. In 1859" 
the diameter of the buliet was reduced to ‘55-inch, and its. 
length slightly increased to maintain its weight. At the same 
time the lubrication, which had previously consisted of a mix- 
ture of beeswax and tallow, was altered, beeswax alone being 
used. 

Alterations from the first pattern of. the Enfield rifle were 
afterwards made as follows:—In 1854 a new backsight was. 
adopted, the flap of which was protected when down by 
flanges, and when raised was* kept upright by a spring. 
It could be folded down either forwards or backwards. 
In 1855 a new ramrod, with a jagged head, was adopted. Tn 
1858 the grooving was made “progressive” in depth, 
decreasing from ‘0l5-inch at the breech to ‘005-inch at the 
muzzle. 

The Enfield rifle was first issued in 1855, and was used in the: 
Crimea, superseding the rifled musket, and the Minié. A 
shortened form of it having a 5-grooved barrel 2 feet 5 inches 
long, was made for the Rifle battalions, and very similar 
carbines for the artillery and cavairy. The corps of sappers 
and miners (now the Royal Engineers) was armed in 1855 
with a Lancaster oval-bore rifle with increasing twist. 

In 1858 a new short rifle of the same bore was made for the 
Navy, having 5 grooves of progressive twist giving one turn 
in 4 feet. This rifle was also issued to the Rifle battalions 
and to sergeants of infantry of the line; its shooting was: 
more accurate than that of the previous patterns of the Enfield 
rifle. 

The tendency of rifling’ hitherto had been towards deep 
grooving into which the ball was forcibly made to fit. It was. 
either in the first place larger than the bore, and was hammered. 
into the muzzle or forced (in the case of breech-loaders) into the 
grooving by the pressure of the powder gases; or else it was: 
made smaller than the bore avd expanded by hammering 
(as in the pillar-breeched rifle), or by the explosion of the 
charge. In all these cases it was desirable that the lead 
should be as soft as possible, and therefore unalloyed. 
The great tendency of the bullet, especially when of pure 
lead, to be driven across the lands instead of following 
them, in its turn encouraged deep grooving. Owing 
principally to the want of accurate measuring instruments, 
the variations of size in individual weapons of the same 
pattern had been such as to make it very difficult to obtain 
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13 
avtilaclovy and uniform shooting. It was an important step 
etieow the Commander-in-Chief, Lord Hardinge, approached 
Mi Whitworth in 1854 and induced him to bring his experi- 
sees to howe on the subject of rifling. Though not an expert 
iy small arms, he understood well the importance of fine 
os sourvomont and accurate manufacture. After a lone series 


sf jspoviments he produced a rifle firing a bullet of equal 
oli with that of the Enfield, but, since he had reduced the 
love fvom 577 to 450, the projectile was ballistically far more 
siiciont, Tle had gone thoroughly into the question of the best 
piloh of spiral for the bullet used, and had fixed it at 1 turn 
in “O inches. But the most novel feature was the form of his 
vitling This was hexagonal, and although it was at first 
sluimod for it that a cylindrical ballet would also shoot satis- 
incbovity from it, the ballet used was also hexagonal. It ae 
evident that stripping was impossible with such a bullet ; 
suld not fail to follow the grooving. A soft bullet was no 
neoousity, for the spin was given to the bullet without reference 
is ith hardness. With this rifle some striking results were 
iinined. It was officially tried in 1857 against t the Enfield rifle, 
with the following results :— 


Angle of elevation. Mean deviation. 


Distance, j= a Sti gee et 


| Whitworth.| Enfield. | Whitworth. Enfield. 


Yards. ag ite Feet. | Feet. 
500 1 15 Lee. gay) 0°37 | 2°24 
800. 2 22 rai | 1-00 | 4°20 

1100 S48 he ee 8 2°62 | 8 -00 
1400 o0 sis | 4 62 oe 
L860 6 40 ee 11 62 sie 


The rifles were fired from a fixed rest. 

At. 1400 yards the shooting of the Enfield rifle was so wild 
(hat no diagram could be taken. It was not fired at 1800 
yards, 

In spite of these successes, the Whitworth rifle was not 
wilopted for the Service. Experiments with rifles of the 
roduced calibre were carried on at Hnfield, but the large bore 
vurvived as the arm of the troops for a dozen years. 

The fashion set by the Whitworth rifle was for a time 
lollowed by private makers, and various rifles with polygonal 
yrooving made their appearance at the early meetings of the 
Nitional Rifle Association at Wimbledon. But this system 
(id not survive very long. Mr. Metford, C.H., attained great 
success in 1865 with a rifle of -450 bore having 5 very shallow 
svooves, and firing a bullet of lead hardened with antimony, 
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and wrapped in a thin paper patch. Expansion was effected 
by the blow of the explosion on the base of the bullet, which 
was slightly hollowed. he difficulty in loading and the loss. 
of accuracy caused by the accumulation of fouling in rifles. 
having deep or polygonal grooving, vanished under the new 
system. Hach shot swept out the fouling of the previous one. 
The accuracy of the Whitworth was quite outclassed by rifles 
made on this new system, in which the deformation of both 
the bore and the bullet from the cylindrical form was reduced 
toa minimum. The success of the new system was immediate. 
It was widely taken up both at home and abroad, and in half-a- 
dozen years rifles on the polygonal system had for practical 
purposes disappeared. 


Meanwhile another most important development was in pro-- 


gress, one which as it was common to firearms in general, need 
only be outlined here. The convenience of putting in the charge 
at the breech and not at the muzzle end of the tube had very 
long been recognised. At an early date cannons were commonly 


so made, and ingenuity was shown in the attempt to apply the: 
principle to portable firearms. But as a result of improvements. 


in gunpowder and the importance of giving the projectile as high 
a velocity as possible, the simplicity and strength of the muzzle- 
loader became again indispensable. Hxamples of breech-loading 
firearms are found in museums, dating from the first half of the 
16th century, and, probably the attempt to produce a practical 


breech-loader was never abandoned for very long, In 1742 


Benjamin Robins speaks of rifled barrels charged at the breech, 
the powder and bullet being put in through the side of the 
barrel by an opening which, when the piece is loaded is filled 


up with a screw. The attention of those interested in rifles was. 


particularly drawn to breech-loaders, because the process of 
forcing the ball into the grooving from the muzzle made the 
rifle slow to load as compared with the musket, A breech- 
loader very similar to those described by Robins, was invented 
about 1775, by Lieut.-Col. Patrick Ferguson of the 71st High- 
landers, and met with some success in his hands. But the 
difficulties of dealing both ‘with the escape of gas through the 


joints of the action, and also with the deposit left by the charge: 


when fired, were such that it was long before any nation adopted 
for military use a breech-loading system. It was not until 1841 
that Prussia set the example by adopting the needle gun, 
invented by Dreyse in 1838. In this rifle the breech was closed 


by a fitting much in the form of a door bolt. Ignition was. 


effected by a long needle contained in the bolt, which was 
driven forward by a spiral spring on the trigger being pulled; 
the needle perforated the base of the cartridge, and ignited 


the charge by striking a dise of fulminating material. The- 


defects of this action were considerable. After a fow rounds 


the rifle could not be fired from the shoulder, owing to- 


the escape of flame. The needles rusted and broke. Yet the 


gain of rapidity in loading was more than enough compensation, 
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and the “Zundnideleewehr” became the general armof Prussian 
wnd German troops, and was used in the wars of 1848, 1866 and 
18 7( ), 

‘he majority of the many forms of breech-loader invented du ring 
the first half of the 19th century, had some sort of a hinged 
block which turned over and gave access to the chamber in 
which the charge was placed. ‘The Lefauchenx system of hing- 
ing the barrels so that they could be swung up to or away from 
« false breech, was eventually a success for shot guns, but was 
found not to be well suited to the requirements of military 
service. The revolving principle, a very old one, suffered from 
the difficulty of adjusting each chamber correctly in line with 
the barrel, and still more from the loss of power, caused by the. 
leakage of gas at the opening between the chamber and the 
barrel. Breech-loading, so long as the charge was inserted with- 
out a cartridge, or while a self-consuming cartridge was used, was. 
not a complete success. Not only was there difficulty in prevent- 
ing leakage of the flames, but the cartridge was very easily 
damaged when carried on Service. In most of the breech- 
loaders of 1850-1860, the cap was separately seated upon_a 
nipple, and the flame from it had to pierce the cartridge and 
ignite the charge. : Such was the system of the Sharp’s, Terry’s, 
Greener’s and Westley-Richards’ carbines which were experi- 
mentally introduced into the British Army between 1857 and 
1861. The Sharp’s, an American rifle, was patented in this 
country in 1852. The breech end of the barrel was closed by a 
slide actuated by a lever forming the trigger guard. 'The slide 
was drawn down to allow the cartridge to be inserted, and when 
raised to close the breech, its sharpened top edge cut off the end 
of the cartridge and exposed the powder to the flash from the 
cap, The action of Terry’s rifle was more complicated, being a 
modified bolt action. In this, a tallowed wad was fixed at the 
base of the cartridge, and the charge was ignited from the 
centre ; the wad remained after the shot, and was pushed. 
forward in front of the next cartridge inserted. Terry adopted 
the principle of making the ball larger than the bore, so that it 
filled the grooving when forced into the rifling, Westley- 
Richards’s rifle had a hinged block opening forwards, and his 
action, like Terry’s, endeavoured to meet the difficulty of the. 
escape of gas by a felt wad at the base, serving as a gas check, 
he rifling of the Westley-Richards carbine was octagonal, In 
the Greener carbine, an American arm, the barrel was unlocked 
from the breech and slid forward. The escape of gas was con- 
trolled by a sliding tube having a tapered ring at its hinder end, 
which acted as an obturator. It was a great improvement on the 
disc of copper or soft metal designed to serve .the same object 
and patented in this country by the Frenchman Pauly, in 1814, 
and by Sears in 1850. But the breech-loader was not an un- 
doubted success until the adoption of the metallic cartridge. 
containing its own ignition, solved in the simplest way the 
problem of rendering the chamber gas tight. 
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In view of the military success of the needle gun, the adoption 
of a breech-loading system became of immediate importance 
to all nations. The French adopted the Chassepdt in 1866. 
This was a rifle of °434 calibre with bolt action. The 
cartridge was self-consuming and had a cap in the centre of the 
base, and on the face of the bolt there was an indiarubber 
washer to check the escape of gas. Fouling was a great 
difficulty with this rifle. The attention of the military autho- 
rities in England was meanwhile directed to the question of 
the adoption of a breech-loading system. In June 1864, a 
Committee assembled which shortly after reported unanimously 
that it was desirable to introduce the breech-loading principle 
without delay. Gunsmiths and manufacturers were invited to 
send into the Ordnance Committee proposals for the conversion 
of the existing stock of Enfield rifles, pattern 1853. Some 
50 different systems were brought forward and investigated, and 
the Committee finally selected that of Mr. Jacob Snider, an 
American. This action was finally adopted in 1867. In it 
the breech block was hinged on the righthand side of 
the barrel, and on being opened, gave access to a taper 
chamber cut in the breech end of the barrel. A projecting stud 
or spring catch held the block in place. In front of the block 
was attached a hook extractor, to engage in the projecting rim 
of the base of the cartridge so as to extract it. The block when 
open could be drawn back a certain distance, and the empty 
cartridge thus withdrawn from the chamber was got rid of by 
turning the rifle on one side and allowing it to fall to the ground. 
A striker passed diagonally from the hinder end of the breech, 
where the hammer could strike it, to the centre of the front 
face of the block, where it impinged upon the cap in the centre 
of the cartridge. There was little difficulty in fitting this breech 
action to the existing Enfield rifle. But the accuracy of the 
shooting was at first much inferior to that of the muzzle-loading 
arm. This was satisfactorily remedied by Colonel Boxer. He made 
the walls of the cartridge (attached to the metallic base) of thin 
coiled brass instead of paper. This effectively checked any 
escape of gas, and made the cartridge strong and little liable to 
damage. The bullet had a taper hollow in its base, and a taper 
| _ plug of wood or (later) of clay was added to insure expansion. 
| Tt had also a hollow in the forepart, as arranged by Mr. Metford 

in his explosive bullet of 1864, since this was found to give a 
distribution of weight more favourable to accuracy. The Snider, 
when its ammunition had been perfected, made actually better 
shooting than the muzzle-loading Enfield. 

The conversion of the Enfield to a breech-loading system was, 
however, expressly a temporary expedient, and, in October, 
1866, proposals for a new form of rifle were officially asked for, 
and a Special Committee assembled to deal with the subject. 
About 120 different arms and 49 descriptions of ammunition 
were submitted to them, and, after careful examination, 
followed by trials of certain selected arms, the Committee 
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reported that they had not had before them any arm of sufficient 
merit to render its adoption into the Service advisable. In 
December, 1867, the Committee were directed to make more 
extended investigation, with a view to deciding on a pattern 
of arm which they could recommend for adoption. They 
wisely separated the question of calibre and rifling from that 
of breech action. For the former they decided to hold a com- 
petition among the systems which were prominent as giving 
accurate shooting, in which Messrs. Henry, Lancaster, Metford, 
Rigby, Westley-Richards, and Whitworth were invited to 
compete, and also the Enfield and Woolwich factories. All 
aecepted the invitation but Mr. Metford. Certain limits were 
laid down as to the length, weight, and calibre of the barrel, 
as to the weight of bullet and powder, and as to the cartridge 
case, All the competing barrels were to be fitted to the Henry 
breech action. Meanwhile, the inventors of breech-loading 
systems were required to submit actions suitable for barrels 
adapted to the same conditions of cartridge and charge. 

Korty-five additional arms were sent in while the Committee 
were pursuing their inquiry. After prolonged and careful trials, 
they recommended the breech action submitted by Mr. Martini, 
as modified at Enfield, in combination with Mr. Henry’s barrel, 
with his bullet of 480 grains, and his system of lubrication with 
wax in the form of a wad in rear of it. It was decided that 
the ammunition should be loaded in Boxer cartridge cases of 
coiled brass. The arm was named the Martini-Henry. 

The first experimental issue, in November, 1869, was of 
200 rifles, with ammunition, to various stations and to the 
Navy for trial. Meanwhile, endeavours were made to meet 
the difficulty caused by the length and slenderness of the car- 
tridge, and trials were made with a bottle-shaped cartridge, 
a shortened chamber suitably enlarged, and a shortened action. 
A. small trial issue of arms of this description was made in 
October, 1870. 

A new Committee to consider the reports received on the 
arm was appointed in May, 1870. They went into all the 
questions involved, and obtained from certain civil engineers 
and other experts a favourable opinion as to the soundness 
of the mechanical principles involved in the breech action. 
They reported that the short action Martini-Henry was 
admirably adapted for a military arm, and recommended its 
adoption into the two Services. In April, 1871, it was accord- 
ingly adopted. 

lurther experiments as to the advantage of a bullet weighing 
only 380 grains, instead of 480 grains, were carried out. It was 
found, however, that the reduction in weight of ammunition, 
wnd the slight increase in velocity and flatness of trajectory at 
short range, were outbalanced by loss of accuracy, of striking 
power, and of range. It was thought that, with black powder 
wnd # leaden bullet, the bore could not satisfactorily be reduced 
below *45. 
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Por following are the particulars of the Martini-Henry 
ifle. 


Weight without bayonet «#509 dbs: 
ip with bayonet .. .. QO Ib. 12 oz. 
Length of rifle without bayonet 4 ft. 14 in. 
ss with .. ». »5 ft. 114 in. 
A barrel .. 33°2 in. 
Diameter of bore ‘45 in. 
Number of grooves .. 7 


Pitch of spiral .. ate He 


1 turn in 22 in. to right. 


Weight of ballet 23 .. 480 grains. 
Diameter of bullet... -. ‘45 in. 
Weight of powder charge .. 85 grains. 


Value of ” oe i ..  °839. 


& 
Initial velocity .. oe 1,350 ft. per sec. 


A fresh Small Arms Committee assembled in 1883 to con- 
sider the production of an improved Martini-Henry rifle. They 
recommended in 1886 the supersession of the bore of “45-inch 
by one of *402-inch, with a leaden bullet of 380 grains, and a 
charge of 85 grains of black powder, the cartridge case being 
of solid drawn brass. The rifling they eventually recommended 
was of 7 grooves, shaped to the segment of a circle, after the 
pattern of the Metford rifling, which had met with so much 
success in the rifle competitions at Wimbledon. This shallow 
grooving, without sharp angles, offered less hold for the fouling 
than almost any other form of rifling. At the same time, 
improvements were introduced in the shape of the entry, and 
the rifle showed great accuracy. Its ballistic qualities were 
also very good. This rifle was known as the Enfield-Martini, 
the Martini action being retained with a lever, lengthened to 
give greater power of extraction. A considerabie number of 
these rifles were made, but there was no actual issue of them 
to the trvops, owing to fresh changes and developments which 
began to press. 
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CHAPTER III. 


‘l'un Inrropuction or Repgatinc AND Macazrne Ririgs. Revisw 
or tHE Principal Systems or Macazine Riries. AUTOMATIC 
RIFLES, THELR ADVANTAGES AND Darucrs. 


The advantages to be gained by increasing the rapidity with 
which fire arms could be discharged were recognised very early 
in the history of small arms. <A great advance in this direction 
was made by the adoption of breech loading weapons, using 
cartridges containing their own means of ignition. Another 
marked improvement was effected by carrying in the weapon 
soveral charges or cartridges which could be discharged 
successively by some simple operation of the mechanism, and 
so save the time occupied in transferring the cartridge from 
the pouch, or bandolier, to the weapon. This latter idea was 
first embodied in revolvers which were made as early as the 
16th century, but these weapons did not make much headway, 
until the introduction of metallic cartridges enabled the back- 
ward escape of gas and fouling to beovercome. In 1840, Colonel 
Golt invented a revolving rifle, firing a metallic cartridge, but 
revolving rifles never proved a success, on account of their 
inaccuracy, at any but the shortest ranges. 

Weapons known as repeaters were the first really successful 
rifles that contained a reserve of cartridges. In this class of 
weapon the cartridges lay nose to base, in a tube contained 
cither in the butt or in the fore end. The breech was opened, 
the empty case was extracted, a fresh cartridge was introduced 
into the chamber, the breech was closed, and the weapon 
cocked ready for firing, by lowering and raising a lever pivoted 
below, and in front of the small of the butt. The earliest 
successful weapons of this class were the Spencer (see Fig. 3), 
and the Henry rifles, which were patented in 1860. 


Fig. 3. 


Spencer Rifle. 
(1148) 28 
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In the former the cartridges were contained in a tube in the 
butt, and in the latter in a tube under the barrel. Both these 
weapons were extensively used in the American Civil War. 
The Winchester repeater, which was an improvement on the | 
Henry, appeared in 1867 (see Fig. 4 from the ‘“‘ Modern 
Sportsman’s Gun and Rifle,” by J. H. Walsh). 


Winchester Repeater. 


30,000 of them were used by Turkey, in the Russo-Turkish 
War of 1877-78, with such striking effect, particularly at the 
siege of Plevna, that the attention of all the great powers 
was drawn towards the advisability of adopting some torm of 
repeating or magazine rifle. 

These two terms “repeating” and “magazine” are both 
applied to rifles carrying a reserve of cartridges ready to be 
loaded successively into the chamber. The distinction between 
them lies in the method of working the mechanism. In 
repeaters the mechanism is worked by means of a lever below, 
and in front of the small of the butt, or by a sliding hand piece 
under the barrel, and the cartridges are contained in a tube in 
the butt or under the barrel. In magazine rifles the bolt is 
worked by means of a lever projecting from it at right angles, 
while the cartridges are either contained in a tube under the 
barrel, or lie one above the other in a magazine in rear of and 
below the breech end of the barrel. 

While repeating and magazine arms were being experimented 
with, devices called quick-loaders were tried in conjunction. 
with single loading rifles. The best known of these was the 
Krnka, used by Russia in the Russo-Turkish War (see Fig. 5). 
Tt consisted of a receptacle attached to the side of the rifle ; in 
it were 10 pockets, in which the cartridges were placed in line, 
base uppermost, so that they could be quickly withdrawn and 
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(laced in the body of the rifle in front of the bolt; the rifle 
would then be ready for firing on closing the breech. 


: Fig. 8. 


i Ly 
SH 


Krnka Quick-loader. 


In 1867, the Vetterli magazine system was approved, in 
principle, in Switzerland, but it was not till 1881, after under- 
woing many modifications and improvements, that it was finally 
adopted. This was a bolt rifle of ‘41-inch calibre, with a tube 
magazine in the fore-end holding 11 cartridges, a 12th 
in the carrier and a 13th in the chamber. The earliest 
imaugazine rifle used by any European Power was the 
"ruhwirth pattern 1870, with which the Austro-Hungarian 
wendarmerie was armed. This rifle was somewhat similar to 
the Swiss Vetterli, but had a longer action and shorter barrel, 
‘he bore was ‘433-inch; 8 cartridges were contained in the 
‘ube magazine in the fore-end. The cartridges were lifted by 
means of a carrier in the form of a scoop in front of the bolt, 
which, in advancing, pushed them into the chamber. This 
principle, further developed and perfected, formed the basis of 
(he Kropatschek, the Jarman, the German Mauser and Com- 
mission of 1884, and of the Lebel rifles. 

In 1878, the French Marine Infantry were armed with the 
K\ropatschek *433-inch bore, which held 7 cartridges in the 
‘ube magazine. In 1881, the Jarman rifle was adopted by 
Norway ard Sweden. These last two rifles were not issued in 
large numbers. 

Germany was the first great power to provide its army with 
4s magazine rifle. In 1884, it converted the 1871 pattern 
Mauser of -433-inch bore into a magazine rifle, holding 
‘cartridges in the tube magazine in the fore-end. 

All the magazine rifles mentioned above, with the exception 
of the Lebel, are over *4-inch bore, and are what are now 
‘ovmed large bore rifles. 

In the early eighties experiments were being conducted on 
‘he Continent, with a view to producing a rifle with a greater 
‘ane, and a much flatter trajectory, than were possessed by 
il weapons then in use. In order to flatten the trajectory, 
wil Ho minimise the bad effects of errors in judging distance, 
il wis necessary to increase the velocity, at the same time 
‘iuintuining a proper proportion between the weight of the 
liillot and the area of its cross-section. 
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It was found that the long small bore bullets required a 
quick twist of rifling to keep them steady, but the lead bullets: 
first tried would not follow this quick rifling, and were driven 
out across the lands. This difficulty was overcome by Major 
Rubin, Director of the Government Laboratory of Thun, in 
Switzerland, who employed a compound bullet, consisting of 
a lead core, enclosed in a copper envelope. , This latter was 
sufficiently strong to resist the torsion and friction to which it 
was subjected when fired, and enabled the bullet to follow the 
rifling. 

The early experimental small bore rifles were used with 
black powder, generally compressed in the form of a pellet. 
This was not a great success, on account of the moderate 
velocity obtained, and the amount of smoke and fouling pro- 
duced. 

The important invention of a smokeless rifle powder in 1885, 
by M. Vieille, a young chemist of the French Government 
Powder Factory, was a leading factor in making the modern 
small bore a practical success. Powders of this class give a 
higher velocity, with a lower pressure, than black powder, they 
leave very little residue in the barrel, and are practically 
smokeless, which is an important tactical advantage, a8 it 
enables the soldier, even when firing rapidly, to see his enemy 
without disclosing his position. 

The French immediately took steps to make practical use of 
this invention. General Boulanger, who was then Minister 
of War, gave orders for the designs of a small bore rifle to be - 
prepared within three months. The Lebel rifle of 1886 was the 
result; it has a tube magazine containing 8 cartridges, and 
the bore is ‘315-inch. This rifle, of which a full description is 
given in the next chapter (see page 55), was the first of the 
modern small bore rifles. 

In this year, 1886, Austria adopted a Mannlicher rifle, 
-433 bore, with a straight-pull bolt, which latter, instead of 
being partially rotated by the bolt lever during the first move- 
ment of opening, unlocked itself, on the bolt lever being drawn 
straight to the rear (see page 34). This rifle was the firs 
adopted by any European nation embodying Lee’s box magazine. 
This invention was patented in 1879 and 1882, and consisted 
of a box in rear of, and below the entrance to the chamber, 
containing the cartridges lying in a horizontal position one 
above the other. A platform, actuated by a spring, pushed the 
cartridges upwards, so that when the bolt was pushed forward, 
it struck the base of the top cartridge and pushed it into the 
chamber. Another important improvement introduced with 
this rifle, was the principle of multiple loading, which was 
affected by a sheet steel clip containing 5 cartridges. The 
clip full of cartridges was pressed into the magazine, and 
retained by a catch until the cartridges were expended, when 
jt fell out through an opening in the bottom of the magazine. - 
In 1888 these rifles were converted to 315 bore, firing black 
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vowder cartridges, and in 1890, on the introduction of smoke- 
oun powder, the sights were re-graduated. 

Ciermany was the first power to adopt a small-bore rifle, that 
wis t) multiple loader, firing smokeless powder. A Mannlicher 
ville, of 311 bore, with a magazine loaded by a clip containing 
live rimless cartridges, was adopted in 1888. It was the most 
up-to-date rifle of any in use at that time. 

In this country the steps that led to the introduction of a 
small bore magazine rifle were as follows :— 

In February, 1883, a Committee was appointed to work out 
dotails in connection with a new single loading rifle, which was 
i modification of the Martini-Henry. This Committee was also 
instructed—* To take up the question as to the desirability, or 
otherwise, of introducing a magazine rifle for naval or military 
Horvice, or both, together with the best form of such arm, 
should it be decided to adopt one.” On the 26th August, 1885, 
the Committee recommended the improved Lee rifle with the 
Kethel-Burton magazine, and the Owen-Jones rifle, for trial. 
''his was approved, and the rifles were duly issued, the trials 
resulting in the condemnation of the Owen-Jones rifle. Mean- 
while improvements were made in the original Lee system, and 
on the recommendation of the Committee, trials were ordered in 
Iebruary, 1887, of the Lee-Burton and the Lee improved; 
both having the Lee bolt, and a calibre of 0'''402, with Metford 
rifling. These last two details had been decided upon in connec- 
lion with the Enfield-Martini rifle, an improved Martini-Henry, 
the introduction of which, as a single loader, was at that time 
contemplated. The reports on these trials were almost 
unanimous in favour of the magazine placed underneath the 
action, as in the Lee, instead of at the side, as in the Bethel 
system. 

Meantime, in the latter end of 1886, a discussion of the question 
of the best calibre for small arms was re-opened in this country, 
in consequence of reports of experiments in this direction by 
foreign powers, notably by Switzerland, where, as early as 
1883, a rifle, having a calibre of 7°5 mm., had been submitted 
by Major Rubin, Director of the Swiss Laboratory at Thun, to 
the military authorities of that country. The essential features 
of Major Rubin’s system were the employment of a compound 
bullet consisting of a lead core enclosed in a copper envelope, 
and the use of a compressed charge of black powder. 

In January, 1887, the Small Arms Committee was directed to 
undertake experiments in regard to this point, and a Rubin rifle 
with a calibre of 0'3, and Rubin ammunition, was used for the 
trinls. Asa result of their experiments the Committee recuim- 
monded, in June, 1887, the small calibre for adoption into the 
Uvitish Service; and in January, 1888, a pattern of °303 inch 
oulibre rifle, rifled on the Metford system (see Fig. 6), and with 
the improved Lee bolt and magazine, was approved to govern 
the supply of 350 rifles for issue for extended trials by the 
troops, throughout the British Empire. These rifles were sent 
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out in July and August, 1888, and the reports subsequently 
received were perfectly satisfactory as regards the efficiency of 
the rifle. Cartridges loaded with a compressed pellet of vi 
grains of black powder, giving a velocity of 1,850 feet per 
second were first used with these rifles. Cordite cartridges 
were introduced in April, 1892. Minor alterations which had 
suggested themselves in the interval having been made, the 
rifle was finally approved in December, 1888, sealed as the 
Lee-Metford Magazine Rifle, Mark I, and its manufacture 
immediately commenced. This rifle was afterwards converted 
to the Mark I*, the pattern of which was sealed 19/1/92. 


Diameter of Bore *303 
Width cf Lands -023 


Zfi Taoist of Rifling tern in 16_ (eft hand) 


Metford Rifling. 


In July, 1890, a Committee was appointed at the War Office 
to consider and discuss the reports on the Mark I rifle received 
from various sources, and to submit for approval any minor 
alterations which, by the light of these reports, might be con- 
sidered necessary. ‘Che Committee was also instructed to con- 
sider the advisability of substituting a magazine holding 10 
instead of 8 cartridges as in the Mark I rifle. The result of 
their labours was the production of Mark II pattern, with a 
magazine holding 10 cartridges in two columns, a much 
simplified bolt, and many minor improvements; this, after 
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\horough trial in the hands of the troops, was finally approved 
in December, 1891. This rifle was followed in 1895 by the 
Mark IL*, which was similar to the Mark II, but was provided 
with a safety catch on the rear end of the bolt, which, when 
Yurned up, locked the striker, and prevented the bolt being 
opened, either in the cocked, or fired position. In November, 
1895, the Lee-Enfield rifle was introduced: this rifle is similar 
in all respects to the L.-M. Mark II* with the exception of the 
form of the rifling, and the sighting. 


Fig. 7. 


JE Diameter of Bore ‘303 
Maan depth of Rifling ©0065 
Width of Lands "0936 

Twist cakes: pate im JO (eft hava 


Enfield Rifling. 


It was found from experience, that the erosion produce 
hy cordite, allowed but a comparatively short life to the 
uhallow-grooved Metford rifling with its narrow lands; hence 
ihe introduction of the Enfield rifling, (see Fig. 7), which has 
live grooves, the bottoms of which are concentric with the 
hore; the depth is about ‘002 of an inch greater than that 
of the Metford grooves, while the width of the lands is 
increased from -023" to -0936". The L.-E. Mark I* differs 
from the above rifle only in the omission of the clearing rod, 
idl its groove in the fore-end. 
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In 1894 a L.-M. carbine was introduced, followed in 1896 by 
a, L.-. carbine. These carbines are similar to the L.-M. Il* and 
L.-E. rifles except that the barrels are 94 inches shorter, and are. 
covered by a long wooden handguard ; the foresights are pro- 
tected by wings on the nose-cap, and the long range sights are 
omitted. 

In January, 1900,a Committee was appointed to report upon 
matters connected with small arms. In 1901 they recommended 
that 1,000 experimental short L.-E. rifles should be issued to 
the troops for trial. These rifles were issued in June, 1902 ; 
they were 5 inches shorter than the L.-E. rifle, and were suitable 
for use by both Cavalry and Infantry; thus the accuracy of the 
fire of the former, when employed dismounted, should be equal 
to that of the latter. The principle of multiple loading was 
adopted; and the rifles were fitted with guides to hold 
chargers, from which five cartridges could be swept into the , 
magazine with the thumb ; the empty charger being then thrown 
away. The magazine still held 10 cartridges as before, so 
that if necessary, 10 cartridges could be inserted, or if only one 
charger full had been inserted, the magazine could be replenished 
by another charger full of cartridges before it was completely 
emptied. 

Another feature was the more delicate sighting. The fore- 
sight consisted of a bead, capable of lateral adjustment, pro- 
tected by a hood, so that the small variations in the shooting 
of different rifles could easily be corrected. Two forms of 
backsight were tried with the rifles, both being capable of 
adjustment for wind allowance. 

The rifles retained the aperture and dial sights, a long hand 
guard, reaching from the body to the nose-cap was added, 
and the bolt cover wasomitted. The pull-through and oil bottle 
were not carried in the butt, therefore there was no trap in the 
butt plate. 

The reports on the rifle being favourable a few minor 
alterations were made, such as a barleycorn foresight instead 
of a bead, and horns on the nosecaps, instead of a hood, to 
protect the foresight, and the rifle was approved on 
93rd December, 1902, as rifle, short, magazine, Lee-Enfield, 
Mark I. The Mark II pattern was a similar rifle converted 
from long rifles, M.L.M., Mark II*, and M.L.H. 

Rifle, short, M.L.E., Mark III, was approved 26th January, 
1907, see Chapter IV, page 67. ‘The chief differences between 
it and Mark I were that the design of the backsight was 
improved, and a U notch provided instead of a V. The fore- 
sight consisted of a blade instead of a barleycorn, and a bridge 
charger guide replaced the sliding charger guide on the 
bolthead and the fixed charger guide on the body. 

The Mark IV pattern is a similar rifle converted from long 
rifles, M.L.M., Marks II and I1*, and M.L.E. 

A pattern to guide the conversion of the M.U.M., Marks II, II*, 
and M.L.E. rifles to charger loading for the Territorial Army ; 
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was approved on 18th July, 1907. The conversion consisted 
in providing an adjustable blade foresight with protector and a 
windgauge backsight, the windgauge of which was traversed 
by.a serew. A bridge charger guide was fitted, identical with 
that of the short M.L.E., Mark III rifle. 

'The above gives an outline of the introduction of magazine 
arms, by this and other countries. 

Their advantages, when combined with a small bore and 
smokeless powder, in comparison with large bore single breech 
loaders, are as follows :— 

Rapidity of fire. 

Flatness of trajectory. 

Increased range and penetration. 

Smokelessness. 

Cartridges lighter, therefore more can be carried. 
Less recoil. 

Rifle handier and more accurate. 

We will now consider the principal systems of magazine 
arms together with their relative advantages and dis- 
advantages. 

All magazine rifles may be divided into two great classes, 
Viz. :— 

(aA) Multiple loaders, ¢.c., those in which the magazine is filled 

by a number of cartridges from a clip or charger. 

(8) Slow loaders, or those in which the magazine is filled, 

one cartridge at a time. 

As indicated above, Class (A) is divided into two groups, viz., 
those in which the magazine is filled from a charger (see Plates 
LXI to LX111), consisting usually of a sheet steel holder, which 
grips the bases of 5 or 6 cartridges and holds them more or less 
parallel to each other; so that when the charger is placed in 
the guides provided for it in the body of the rifle, the cartridges 
can be swept out of it, into the magazine, with a down- 
ward pressure of the thumb, and the charger thrown away. 
The Mauser rifles are good examples of this group (see page 42). 
In the other group of multiple loaders, 5 or 6 cartridges are 
held together more or less parallel to each other by a sheet steel 
clip (see Plates LXIV and LXV), which covers the rear part of 
the cartridges for about half their length. The clip complete is 
pressed down into the magazine and is held there by a catch, 
which engages a projection on the back of it. (See Plate XLI, 
lialian rifle.) When the cartridges are expended, the clip 
falls out of the magazine through a hole in the bottom of 
the latter. A clip with any cartridges still in it, may be ejected 
by releasing the catch which retains it. The Dutch and 
Ktoumanian Mannlicher rifles are good examples of this group 
(see page 71). 

‘The cartridges in rifles of the above two groups are pressed 
upwards by the magazine spring acting on a lever or platform so 
that the top cartridge is in position to be pushed into the chamber 
on closing the bolt. 
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Rifles in Class B may be divided into three groups with the 
following types of magazines :— 


1. Tube magazines. 

2. Box magazines, adapted for loading with one cartridge’ 
at a time, 

3. Magazines with controlled platforms. 


In rifles now in use, of group (1), the magazine consists of a 
tube in the fore-end, below the barrel. ‘lhe cartridges are 
inserted into it one at a time, from the rear end, through the 
body of the rifle. They lie ina line, nose to base, and are pushed 
to the rear by a spiral spring and plunger. They are raised up 
in front of the bolt by a pivoted carrier, operated by the 
bolt. The Lebel rifle is a good type of this group (see 
page 55). 

In group (2) the Lee-Metford and Lee-Enfield are the only 
rifles of note. They resemble the charger loaders, in being 
provided with a box magazine; but the body is not provided 
‘with guides to hold a charger. The ammunition is packed. 
singly, so that only one cartridge at a time can be loaded into 
the magazine. 

Group (8) consists of rifles, with magazines in which the 
cartridges lie side by side. The platform, that presses the 
column of cartridges into position in front of the bolt, can be 
drawn back for loading, so that loose cartridges can be more 
quickly dropped into the vacant space than is possible in the 
case of the Lee-Hnfield, where the opposition of the magazine 
spring has to be overcome each time a cartridge is inserted. The 
Krag-Jorgensen, Ross rifle, and the Lee-Enfield with Harris 
magazine, are types of this group. In the former (see page 51) 
the magazine lies horizontally under the body of the rifle. 
It is provided with a hinged door on the right, on opening 
which, the platform is drawn back, and the magazine spring 
compressed. In rifles fitted with the Harris magazine, a small 
lever, forming a thumbpiece, is pivoted on the left of the fore- 
end, where the left hand grips the rifle. On depressing this 
lever, the platform of the magazine is lowered, and loose 
cartridges can be quickly dropped into the latter. In the Ross 
rifle adopted by Canada, the platform is attached to a lever 
pivoted in the fore-end under the backsight. A finger-piece 
on this lever projects between the right side of the barrel and 
the fore-end, so that when the finger-piece is pressed down, 
the magazine platform is lowered, and cartr idges can easily be 
inserted into the magazine. 

The advantages and disadvantages of the above magazine 
systems are br: iefly as follows. 

Class “ A,” multiple loaders compared with slow loaders. 

Advantages. The magazine can be quickly loaded. The 
correct number of cartridges to fill the magazine are kept 
together, correctly arranged, ready for rapid loading. A clip, 
or a charger, is more easily handled than single cartridges, 
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particularly when the hands are numbed with cold, and they 
ave less liable to be lost from the pouch or bandolier. 

Disadvantages. Clips or chargers add weight and take up 
inore room in packing. If they become rusty, gritty, or dented, 
they may cause a jam in charging magazines or feeding up. 
‘he partially emptied magazine of a rifle, loaded by clips, 
cannot be filled up without removing the clip and cartridges 
in it and inserting a full clip. 

Class “ B,” slow loaders compared with multiple loaders. 

Advantages. The magazine can be easily replenished with 
one or two cartridges when it has been partly emptied. The 
single cartridges can be packed in a smaller space. There are 
no clips or chargers to add weight. 

Disadvantages. The process of filling the magazines is slower. 
In rapid firing, after the magazine has been emptied, the ratc of 
lire is about the same as that of a single loading rifle, with the 
exception of class (3). Single cartridges are apt to get lost 
from the pouch or bandolier. 

Class “‘ A,” comparing charger with clip loading :— 

Clips require an opening for them to pass through in the 
bottom of the magazine ; this lets in dirt, especially when firing 
over a parapet, or when firing lying down. They are larger and 
more liable to be dented than chargers, With clips the cart- 
ridges are in a single column, therefore the magazines are 
deeper than those used with chargers containing the same 
number of cartridges. The magazine can be rather more easily 
loaded with a clip, than with the cartridges out of a charger ; 
and when required the magazine can be easily unloaded. With 
a charger, extra pressure can be applied with the thumb, to 
sweep the cartridges out of it, if extra friction is set up by rust 
or dirt, but with a clip the strength of the magazine spring 
cannot be temporarily increased to overcome any abnormal. 
resistance. With charger loading a partly emptied magazine. 
can be filled up with single cartridges if required. 

Class “ B,” comparing one group with another. 

In rifles with tube magazines, the balance of the arm is 
altered as the line of cartridges passes down the tube. This is. 
very detrimental to snap shooting. Rifles with controlled 
platforms, group (3), partly overcome the slowness caused by 
lilling the magazines with loose cartridges; but to get the best: 
results from them, considerable dexterity is required to pour 
i stream of cartridges correctly into the magazine. The Lee- 
Metford or Lee-Enfield magazine is decidedly superior to a tube 
magazine, as itis simpler, and the balance of the arm is not 
altered as the magazine is emptied. One advantage, possessed 
hy the Krag Jorgensen, is that the magazine can be filled during 
intervals in firing with the bolt closed and the rifle loaded ready 
lo fire. 

The conditions a magazine rifle should fulfil are :— 

|. Durability, The rifle should be simple, compact, and 
alrong; free from risk of derangement due to accident, long 
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wear and tear, rough usage on active service, exposure to wet or 
sand, or fouling from long continued firing. It should be 
capable of being easily cleaned and inspected, and if, after long 
use, any part does break down, it should be easily and cheaply 
repairable. The mechanism should be capable of being stripped 
without the use of tools. 

2, Rapidity of fire. Filling the magazine, and loading the 
cartridges into the chamber, should be quick, easy, and certain 
operations. The sights should be simple and not liable to shift 
during firing; they should be capable of being quickly set, 
easily seen and accurately aligned. 

3. Accuracy. The graduations should give the correct eleva- 
tion for the distances marked; the foresight should be placed 
so as to give the true direction; and the points of impact, on 
the target, of agroup of shots fired at the same mark should 
be close together. 

4. Lightness and handiness. A light rifle can be easily carried ° 
by the soldier, and, in rapid firing, raising it frequently to the 
shoulder does not cause so much fatigue as it would in the case 
of a heavy rifle; consequently, in prolonged firing, or in snap 
shooting, better results should be obtained with a light rifle. 
For deliberate shooting a fairly heavy rifle is easier to hold 
steady. Lightness is governed by the strength of the barrel and 
breech closing mechanism necessary to resist the explosion of 
the charge and the tendency to vibrate excessively; by the 
solidity required to stand rough usage; by the length of the 
rifle; and by the weight necessary to check the recoil. With 
regard to the length of a rifle, a long barrel gives increased 
velocity, it enables the sights to be further apart, which increases 
the accuracy with which aim can be taken, and it gives a longer 
reach in bayonet fighting. A short barrel is handier, and 
vibrates less than a long one of equal thickness ; this latter point 
tends to improve the consistency of the shooting. The body 
is kept as short as possible for the sake of compactness, and 
the length of a rifle is altered by varying the length of the barrel. 
The length of the butt cannot be varied much, as the distance 
from the butt plate to the trigger depends on the length of the 
soldier’s arm. In the British service butts of three lengths are 
now issued, so that the soldier may be properly fitted, with a 
view to improving his snap shooting, in which the balance of 
the rifle is very important. The centre of gravity should 
be a little behind the point where the fore-end is gripped 
by the left hand, so that, when the soldier throws his rifle up 
to his shoulder, it may point at the required object. If the 
centre of gravity is too far back, the rifle, when quickly brought . 
to the shoulder, tends to point above the object, and vice versa. 

5. Good ballistics. The initial velocity should be high, the 
proportion between weight and area of cross section of the 
bullet should he between proper limits, and the shape of the 
bullet should be well adapted for overcoming the resistance of 
the air, so that the trajectory may be flat. 
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lor the qualities a cartridge should possess, see page 189. 

We have seen how the rapidity of fire of rifles has been 
nocelorated ; firstly, with muzzle loaders by using bullets which 
aol up into the grooves on firing; secondly, by combining the 
charge into a cartridge containing its own means of ignition, 
and inserting it into the barrel from the breech end as in the 
Snider vifle. Thirdly, by combining the operations of opening 


the breech, extracting the empty case, closing the breech and 
cocking the weapon into two simple movements as in the 
Martini-Henry. Fourthly, by having a magazine in the rifle, 


such as is used in the Lee-Enfield, so that the time occupied 
in faking the cartridge from the pouch and putting it into the 
ville, is saved. Fifthly, by employing a charger such as is 
used with the short Lee-Enfield rifles, by which means the 
(ime occupied in filling the magazine is considerably reduced. 

All these improvements have resulted in an extremely rapid 
vate of fire being obtained. Inventors are now engaged in 
ondeavouring to effect a further improvement, by utilising some 
of the force developed by the explosion of the charge, to open 
the breech and reload the rifle automatically; all that will 
then be required of the soldier will be to aim, press the trigger 
for each shot, and recharge the magazine when it is empty. 

The advantages to be gained by automatic loading are :— 

1. Extreme rapidity of fire, for the rifle can be fired as fast 
an the trigger can be pressed. There is no need to loosen:the 
wvip of the right hand on the small of the butt, in order to work 
the bolt. The rifle need not be taken down from the shoulder 
between the shots, therefore the firer’s attention is not dis- 
tracted from the object, and his muscles are not tired by raising 
and lowering the: rifle. 

2. The recoil of the rifle is reduced in weapons operated by 
(he recoil, for the backward motion of the barrel and bolt is 
uradually absorbed by one or more spiral springs, so that the 
recoil as felt by the shoulder, partakes more of the nature of a 
push than of a blow. 

Automatic rifles are either— 

(a) Self-firing rifles. 
(b) Self-loading rifles. 

Self-firing rifles continue to fire as long as the trigger is 
pressed, or until the magazine or belt is empty. Only heavy 
rifles weighing about 16 or 20 Ibs., such as the Hotchkiss 
ortative, can be so employed, for a light rifle would move too 
much, and the shooting would be wild. These rifles are 
virlually portable machine guns. 

Nelf-loading rifles fire one shot for each pressure of the 
\vivger, they reload themselves, and are ready to fire on again 
prossing the trigger. 

Automatic rifles are operated by either of the following 
Menns pt 

1, By using the force of recoil. 

“. By drilling a small hole in the barrel, and using some of 
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the highly compressed gas, generated by the explosion of the 
charge, to operate the mechanism by means of a piston and 
cylinder. 

These forces of the recoil, and of the gas pressure, are 
respectively utilised to unlock and drive back the breech bolts 
of automatic rifles on the above two systems. At the same time 
they compress one or more strong spiral springs, the reaction of 
which force forward and lock the breech bolts, leaving the 
rifles ready for firing. 

Up to the present this idea has been applied more to pistols 
than to rifles, and with the former the recoil system is used ; 
the difficulties are less than in the case of rifles, on account of 
the charge and the moving parts being lighter, and the 
problem being on a smaller scale. 

The two principles of loading and extracting automatically, 
by utilising either the force of recoil or the gas pressure, have 
been successfully applied to machine guns; the force of recoil 
being used in the Maxim gun, while the Hotchkiss and Colt 
machine guns are operated by gas pressure. The problem of 
automatic reloading is also easier in the case of machine guns 
than with weapons carried by the soldier, as the size, disposition, 
and weight of the mechanism are less restricted. 

The commonest form of recoil-operated rifles are those in 
which the barrel and body are given a short recoil, about 
3-inch, during which the bolt is unlocked, the bolt completing 
its rearward course by means of the momentum it has acquired. 
In this type the action can be kept compact, but the recoil is 
not absorbed to so great an extent as in the long recoil type. 
This latter type is not finding favour on account of the great 
length of the action. 

Tn all automatic rifles it is very necessary to exclude dirt and 
dust as much as possible, as the extra friction they set up 
seriously interferes with the automatic action. 

Experience with automatic rifles in considerable numbers is 
not at present available, but the following are the chief 
advantages and defects of the two systems. 


Recoil-operaied Rifles. 


Advantages. The recoil is reduced, particularly with the long 
recoil type, and the mechanism can be kept compact in the 
body of the rifle. 

Disadvantages. The force of recoil is not great with small 
bore cartridges, especially with such a small bore as the ‘256, 
therefore; there is not much reserve of force to overcome extra 
friction caused by rust or dirt. This is particularly the case 
in rifles in which the bolt has to depend upon the momentum 
it has acquired at the instant at which it is unlocked from the 
barrel, to compress the spring which drives it forward again 
and locks it. In some types of recoil-operated rifles, means are 
provided to transfer part of the momentum of the barrel to the 
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luli hy means of a lever, or system of levers, operated by the 
iuveol. Usually the magazine does not move with the barrel, 
anil wlops have to be taken to ensure that the bolt pushes the 
sarividwes out of the magazine only when the barrel is in the 


sorvvect position to receive them. As the barrel is sliding back 
alonw the stock as the bullet leaves the muzzle, any alteration: 
in the amount of recoil through variatioa in friction would 
atloot the jamp and the accuracy of shooting; the bayonet 
sould not be fixed to the barrel for this reason. With recoil 
sporvated rifles the action is generally longer than with gas. 
Hye vated rifles. 


Gas-operated Rifles. 


livantages. Great power is available, therefore strong 
‘olurning springs can be used, which tend to make the auto- 
sulic working of the rifle more certain. The barrel is fixed, 
‘hovofore it does not move relatively to the magazine and is not 
sliding: back along the stock as the bullet leaves the muzzle. 
Vie recoil is decidedly less than with ordinary magazine rifles 
ul the same weight. 

Divadvantages. The gas cylinder and piston are liable to be 
joulod by the metallic fouling swept along by the gas. These 
juris and the gas ports cannot generally be cleaned without 
alvipping the arm. The fore-end has to be considerably cut 
away to veceive the gas cylinder and connecting rod. Gas 
sporated weapons are generally more liable to get their com- 
pononts burred or broken than recoil-operated rifles, on account 
4 the greater force available to work the mechanism. 

An automatic rifle should fulfil the same conditions as a 
‘iupazine rifle, see p. 29; and besides being capable of use as 
4 automatic rifle, it should also be designed so that it can be 
jvod as an ordinary magazine rifle, in case its automatic action 
luilu through rust or dirt. The great desideratum in an 
wiutomatie rifle is certainty of action, both when the mechanism 
i) cloan and dirty, and this quality has not yet been attained. 
‘ho disadvantage of their requiring greater care than magazine 
‘itloa will have to be faced. This should not prove insur- 
‘iountable, as a similar disadvantage, differing only in degree, 
wan accepted on the introduction of breechloading arms and 
\iuuasine rifles, and has been overcome by teaching the soldier 
i tuke ereater care of his weapon. 


Silencer. 

\ nilencer to lessen the sound of the report when a rifle is 
lived, und also to lessen the shock of discharge, is being” 
sspovimented with by the United States, but has not yet been. 
atligintly adopted. 
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CHAPTER IV. 
Description oF THE SmaL-BoRE Rirte or each Power. 


AUSTRIA-HUNGARY. 
Rifle, Pattern 1888-90. 


The 11 mm. Mannlicher magazine rifle, pattern 1886, was 
superseded in 1888 by an arm practically identical with it in 
every respect, except that the calibre was reduced to 8 mm., and 
the backsight graduations extended to a longer range. The 
backsight was again regraduated in 1890, upon the introduction 
of a smokeless explosive. 


Barrel. The barrel, which screws into the body, tapers slightly. 
The foresight block and backsight bed are formed on it out of 
the solid. 

Sights. The foresight is of the barleycorn pattern, and is dovetailed 


into its block at right angles to the axis of the barrel; this 
arrangement allows of adjustment for any lateral error which 
may exist in individual rifles. 

The sides (2) of the backsight bed stand up from the barrel, 
and have grooves cut in them inside, the grooves radiating from 
the axis pin (3) in the front of the bed, on which the sight leaf 
pivots. These grooves are numbered on the faces of the rear 
slopes of the sides of the bed, the left-hand figures are for 
ranges from 600 to 1,800 paces, the right-hand ones for ranges 
from 2,000 to 3,000 paces (1 pace = °75 metre = 29°53 inches). 
On the underside of the backsight leaf, J, are secured two bars — 
(q-qg.) actuated by a V spring (7); they have projecting finger 
pieces (s.s.) for working them, and their outer edges are beveiled — 
off. They are pressed by the spring (r) into the grooves in the 
sides of the bed, thus enabling the leaf to be set at any required 
graduation. The head of the leaf (¢), is inclined upwards and 
broadens out; it has a small V notch cut init. A slide (wu), 
dovetailed into the head, can be drawn out to the right; it also 
has a V notch which is used in conjunction with a small cone 
(4) fixed in the right side of the middle band, K, for ranges 
from 2,000 to 3,000 paces. The leaf in the lowest position gives 
the elevation for a range of 300 paces, but in the bottom groove, 
which is not figured, it gives that for 500 paces; this is the 
fixed sight. 

Body. The body is a very long one to allow for the special locking 
arrangement. In front a tongue (5) projects downward 
against which the magazine body rests, and which serves as a 
guide for the point of the bullets. 
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''he back portion is a hollow cylinder (6), with a groove for 
(he extractor spring in the right side; on the left side is a pro- 
jection for the retaining and safety bolts with their spring. A 
hole is cut in the underneath of the body, for the hinged block 
of the bolt, in rear of the magazine way, but is separated from 
ihe latter by a short bridge of metal (7). The rear end of the 
hody is in the form of a tang with sides, and has a grvove cut 
in it for the cocking stud to travel in. 

The bolt proper, A, is a long cylinder, bored out from the Bolt. 
front for the striker and mainspring, the back part of the hole 
heing reduced in diameter to form a seating (8) for the main- 
spring. It is prolonged to the rear and has a slot cut in this 
part underneath, the sides being vertical. In front of this slot 
is hinged a block (a) with a dovetailed recess (a!) cut in it 
from the rear. 

The mainspring, of ‘152 wire, has 26 coils, and is set to a Mainspring. 
length of 3°83". 

The striker, B, has a short point (b) and a collar (c) against Striker. 
which the mainspring bears. It is inserted from the front of 
(he bolt, which is closed by a plug C, screwed in; the plug has 
1 gate (d) cut in it for the extractor, and by this means it is 
locked. 

A. short hollow cylinder, D, works in the rear portion of the Lever 
bolt. On its right side it has a short lever (e), terminating cylinder. 
ina large knob (f'). In front, underneath, is a solid piece (g), 
langed so as to slide in and out of the dovetailed recess (a!) of 
the hinged block (a) of the bolt, the flanges sloping upwards 
from back to front. In rear the cylinder has two horns (h, h) 
which project downwards and. travel between the upright sides 
of the tang of the body. 

‘The firing pin screws into the cocking piece, E, which works Cocking 
inside the lever cylinder, the cocking stud (¢) itself moving Plece- 
between the two horns h, h. 

The extractor, F, is a long, slightly curved spring, terminat- Extractor. 
ing ina claw (j). It is secured in the slot (k) cut for it in the 
right side of the bolt, by its two studs (J, 1) which dovetail 
into the holes (m, m) cut for them in the bolt cylinder. oe 

The retaining bolt, G, is pivoted in the left side of the body, Retaining 
and has a tooth (”) of rounded section projecting into the bolt _ 
way. A groove for this tooth is cut in the left side of the bolt 
cylinder, but does not extend quite to its front end. The 
vefaining and safety bolts are both actuated by the same 
spring, H. 

The safety bolt, I, is a flat plate with thumb piece (0), Safety bolt. 
pivoted in the left side of the body. The plate when turned, 
lrom the left, through an angle of 90°, enters a recess (p) cut 
lor it in the rear end of the lever cylinder, and so prevents the 
latter being drawn back. When at full cock the plate comes in 
lront of the left side of the cocking piece, and so prevents the 
ulriker moving forward; at the same time, owing to a slope on 
it face, it withdraws the striker to the rear from contact witn 
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the sear. If the safety bolt is not completely turned over, when 
the action is at full cock, and if then the trigger is accidentally _ 
pressed, the cocking stud will move forward until held by the 
sear engaging in the notch (z). If it were not for this notch, 
which has been recently introduced, the cocking stud would, 
under the above-mentioned circumstances, pass over the sear, 
and only be held back by the safety bolt, so that should the 
latter be taken off, the firing pin would fly forward and fire the 
cartridge. 

The sear (9) projects upwards through a hole cut for it in 
the tang of the body; it is part of a long flat spring (10) 
attached to the underside of the body. 

The trigger (11) is secured to the underneath of the sear; it 
is a bell-crank lever, one end (12) bearing against the body, the 
other end (13) projecting downwards into the trigger-guard. It 
has a double pull-off. The first pull is a sliding movement, on 
completion of which the leverage shifts, a slight check is felt, 
and on further pressure the bent parts smartly, and the striker 
is released. This arrangement gives a light final pull, and is 
generally to be found in continental arms. There is no half 
cock, nor can the striker be placed at full cock without opening 
and reclosing the action. 

The action is opened by a straight backward pull on the 
lever, the lever cylinder, D, first coming to the rear, bringing 
the cocking piece, E, and the striker, B, with it, and partly com- 
pressing the mainspring. The flanged piece (g) at the same 
time raises the hinged block (a) from its seating, and the latter 
then bearing against the former, prevents it and the striker 
moving forward, and so keeps the mainspring compressed. ‘The 
whole bolt is then drawn back until brought up by the retaining 
bolt, G. The empty case is withdrawn by the extractor, and is 
pressed by it over to the left. The base of the cartridge comes 
in contact with the left side of the bridge of metal (7) in the 
body and is ejected to the right. 

There is no cam action for giving primary extraction, but 
the extraction is aided by the hammering action which results 
from the lever cylinder starting before the bolt cylinder and 
extractor. 

In closing, the cocking stud (7) is caught by the sear nose (9), 
and is held, while the bolt itself moves forward over the striker 
and mainspring, completing the compression of the latter, 
at the same time the flanged piece (g) forces the hinged 
block (a) to the front, and then into its recess in the body, and 
so locks the action. The face of the bolt, as it moves forward, 
catches the upper edge of the rim of the top cartridge in the 
clip, and before the cartridge is free from the clip, the bullet 
has entered the chamber and forms a guide to lead the cartridge 
forward. When the clip ceases to hold the base of the cartridge, 
the extractor catches it and forces it against the hollowed left 
side of the body along which it slides into the chamber. 

The claw of the extractor enters a recess cut for it in the 
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‘lumber, and engages in front of the base rim of the cartridge. 
Uho striker is released by pressing the trigger as already 
sloscribed. 

The magazine and trigger-guard (14) form one component. Magazine 

The magazine contains two levers (15, 16), hinged together and clip 
with # flat spring (17) between them, the lower lever is pivoted 
in the front of the magazine, and is actuated by a spring (18) 
ol ribbon steel. The rim cartridges, 5 in number, are contained 
ina clip (see Plate LXIV) stamped out of sheet steel, which, 
owing to its rhomboid form, can only be inserted one way up. 
\( is inserted from above, and as it is forced into the magazine, 
i! pushes the levers to the bottom. The clip is held in its place by 
catch (20) attached to the back of the magazine, and actuated 
hy a small flat steel spring (21). The action of the springs 17 
md 18 on the levers force the cartridges up out of the clip, 
which, when empty, falls out through a hole, cut for the purpose, 
in the bottom of the magazine. As long as the clip contains any 
vurtridges, it is, on releasing the catch (20) by pressing on 
the thumb-piece (22), forced up with its contents out of the 
action, 

‘here is no cut-off, and the rifle cannot therefore be used as a 
ingle loader when there are cartridges in the magazine, nor can 
‘he magazine be replenished by the introduction of single 
ourtridges. The top lever (16), however, serves as a platform 
for single loading when the magazine is empty. 

The stock is in one piece, with pistol grip (23) and fore-end Stock. 
grooves. The body, stock, and magazine with trigger guard, 
ure held together by two screws (25, 26) passing up into the 
hody from underneath, one in rear of the trigger guard and one 
in front of the magazine. 

‘lhe upper band has a projection on its left side for the sword Band and 

Imyonet, and a short rod screwed in underneath the barrel sWivels,:&c. 
(o facilitate piling arms. The middle band, K, carries a sling 
swivel (28), and the long range foresight (4) already described. 
These two bands are secured by screwed pins, passing through 
‘he fore-end from side to side. The rear band is secured 
hy a screwed pin and nut. A second sling swivel is screwed 
into the butt. The butt plate is of steel and is secured by two 
serews; it has no trap. 

A handguard of canvas, lined with felt, has been adopted Handguard. 
owing to the heating of the barrel by the smokeless explosive. 
I, is secured in front of the backsight bed.’ 

There is no cleaning rod on the rifle itself, but every soldier Cleaning rod. 
carries in his kit a rod in three pieces, which can be screwed 
(ovether. 

The sword bayonet is attached to the left side of the rifle in Sword 
(he usual way. The blade has a broad back, but near the point bayonet. 
‘tis double edged. The pommel and cross piece are of polished 
slecl. The scabbard is of steel, oil blacked, with a hook for 
wluching it to the frog. 
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Rifle, Pattern 1895. 


This rifle, like its predecessor, is a Mannlicher, but it is on 
the average 1% lbs. lighter ; this gain is due to the barrel being 
lighter though fully as long, and to the body bolt and magazine 
being considerably shorter. The bolt is secured by lugs on the 
bolt head engaging in recesses just in rear of the barrel, instead 
of by a hinged block under the back part of the bolt. 

Barrel. The barrel which screws into the body is light and tapers 
slightly from the reinforce over the chamber to the muzzle. 

Sights. The foresight block forms part of a sleeve which is fixed to 
the barrel by means of a cross pin. The barleycorn foresight is 
dovetailed into this block at right angles to the axis of the 
barrel. 

The backsight bed is bored out so that the barrel passes 
through it; bed and barrel are fixed together by means of a 
cross pin. The leaf, A, is pivoted to the rear end of the bed; it 
has a short leaf (a) at right angles to it in which the fixed 
sight, V, for 500 paces is cut. The leaf proper is graduated on the 
left side from 600 to 2,600 paces, the even hundreds only being 
marked; the right side of the leaf is blank; 300 paces is 
obtained by raising the leaf and pushing up the slide, a V 
being cut in the bottom of the leaf. The back of the leaf is 
cut away at the edges at (6, b). The right side of the slide 
is made with two projections, which serve as guides to the 
stud (d). This stud has a small tooth on it which locks 
into the small notches, cut for it on the inside of the right 
groove (b), for every 200 paces graduation. ‘The stud (d) is 
disengaged from the notches by pressing the finger piece (c) 
which is connected to the stud by means of a plate passing 
across the face of the slide. To keep the stud (d) up to its 
work a small spiral spring, within the finger piece (c), presses 
the latter away from the slide. 

Body. The body is recessed at (3) just in rear of the barrel to form 
seatings for the lugs on.the bolt-head. T'wo grooves (3a), one 
on either side of the bolt way, lead into these recesses. A long 
slot is cut in the tang for the sear and ejector, and in rear of 
this again is a transverse slot into which project the horns 
(w, w) on the trigger. The tang has the usual groove for the 
cocking piece stud. On either side of this groove is an under- 

e cut groove, in which work the feathers (e,, e,) on the underside 

Retaining of the bolt. These feathers, coming in contact with the horns 

Asa apn (w, w) on the trigger, arrest the backward motion of the bolt, 
and prevent it from being withdrawn from the body until the 
horns (w, w) are depressed by pushing forward the trigger. 
The groove (32) is partly cut away on the right side of the 
body to cllow of the empty case being ejected, and to facilitate 
loading the magazine. Underneath the front part of the body 
is a projection which transfers the shock of recoil from the 
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harrel and body to the stock. A similar but larger projection, 
just in rear, forms the prolongation of the front of the 
magazine, 

The bolt proper, A’, is a hollow cylinder with ribs (e, ¢) on 
vither side, which work in the grooves (3,), in the body. In 
front, underneath, are the two feathers (e, e,) already men- 
tioned, and in rear is a small safety projection (e), with a 
groove (e;) in it for the ejector to rest in when the bolt is 
closed. The back end is reinforced and carries the lever (¢,) 
wt right angles on the right side, the lever terminating in a 
knob (f). The underneath of the reinforce is cut away for 
the stud of the cocking piece. The recess for the cocking piece 
ia separated from that for the tail of the bolt-head by a 
collar (1) secured by a screw, the point (g) of which projects 
into the firing pin hole and, bearing against a flat (4) on the 
lirmg pin (B), prevents the latter from turning. The locking 
and safety bolt is pivoted in the left side of the reinforce. 
Inside the middle portion of the bolt are two helical feathers (2) 
which work in corresponding grooves (m, m), in the tail of 
the bolt-head, and give to the latter a movemené of rotation in 
opening and closing the bolt. A groove is cut on the inside of 
the right rib for the extractor. 

The bolt-head, OC, consists of the head proper (2), which Bolt-head. 
projects beyond the face of the bolt cylinder, and the tail (j) 
which enters the cylinder. The bolt-head has cam-shaped 
locking lugs (%, k), on either side, which enter the recesses (3, 3) 
of the body by way of the cam-shaped grooves, and sup- 
port the bolt-head in the firing position. A groove (J) is 
cut in the head for the ejector. The rear end of the tail has 
two external helical grooves (m, m) in which work the 
feathers (2) in the inside of the bolt cylinder. The helical 
grooves have each a small groove (n) leading out of them in 
the direction of the length of the bolt, one to the front, and 
one to the rear. The groove to the front is on the top of the 
(ail, that to the rear is on the right side when the bolt is 
opened. : 

The bolt-head contains the mainspring of ‘04 wire with 34 Mainspring. 
coils, coiled to a length of 4:9 inches, and the striker, B. The rear 
end of the bolt-head tail is closed by a screw plug, D, against 
which the mainspring bears, the striker, B, passing out through 
‘he plug. The other end of the mainspring bears against a collar Striker. 

(0) on the striker. » The extractor, K, is a long flat spring which Extractor. 
lies in the right rib of the bolt cylinder. The portion which 
projects fits over the right locking lug (k) and terminates in a 
broad claw (p). The other extremity has a small nib (q), on its 
underside, which engages in the two longitudinal grooves (n, 7), 
in the tail of the bolt-head, above mentioned. When the action 
i closed, the nib is engaged in the longitudinal groove on the 
(op of the bolt-head tail; when the bolt is drawn back, the nib 
‘ios Oub of this groove and when the bolt-head has turned a 
uarter of the circle from right to left falls into the other groove. 


Bolt. 
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The right Ing is then embraced by the head of the extractor 
and the extractor is drawn back by the bolt. The claw engages 
the top cartridge in the magazine immediately it is pushed 
forward by the bolt in advancing, and holds it in all the 
backward and forward motions of the bolt, thus rendering 
double loading impossible. 

The cocking piece, F, screws on to the end of the striker and 
works in the reat end of the bolt cylinder. In its left side is a 
groove (7) in which the locking bolt, G, engages, when it is 
employed to lock the action with the spring eased. At full 
cock the locking bolt, when used as a safety bolt, is interposed 
between the front face of the cocking piece and the rear face of 
the bolt cylinder; the tooth of the bolt«is cam-shaped and 
when pushed into position, forces back the cocking stud from 
engagement with the sear. It is secured to the reinforce of the 
bolt at (s) by the screw H. The action is precisely the same as 
in the Austrian rifle, pattern 1888/90. 

The sear, K, consists of two components, the body (4) and 
the bent (5) ; they are both pivoted on the same pin (6) which 
passes through the action body. The bent (5) fits in a slot in 
the body (4). 

The ejector, I, is pivoted to the front of the sear body. Its 
bottom end is pressed forward by a small spiral spring (7), the 
other end of which presses the sear and sear bent backwards. 
The upper end of the ejector is slightly depressed by the bolt; 
the spring (7) is partly compressed, and tends to keep the sear 
and sear bent (5) up to their work. 

The trigger, J, is in the form of a bell crank lever, the long 
arm (#), projecting downwards through the trigger guard, the 
short arm (w) terminating in a hook (v) which engages the 
rear of the sear. At the angle is the crosspiece with the two. 
horns (w, w) which project into the boltway and prevent the 
withdrawal of the bolt as already described. The trigger is not 
pivoted to the body in any way, but is supported in its groove 
hy the sear. 

When the trigger is pressed, the bent of the sear is depressed, 
releasing the cocking stud and allowing the striker to fly 
forward; at the same time the front of the sear body (8) is 
raised into the boltway behind the safety projection (e)) on the 
back end of the underside of the bolt, preventing any back- 
ward motion of the latter whilst the arm is being fired. 
Further, as the bolt is pushed forward, this safety projection 
(e.) sliding over the projecting front portion (8) of the sear, 
prevents the latter rising, and consequently prevents the bent — 
of the sear from being lowered, by pressing the trigger, until 
the bolt is completely closed. 

The bolt, like that of the rifle, pattern 1888/90, is actuated 
by a straight backwards-and-forwards pull and push. When 
the lever is pulled to the rear, the bolt cylinder cannot revolve 
owing to the ribs on it working in the grooves of the body, 
and the feathers, in the undercut grooves in the tang. The 


Digitised by the Vickers MG Collection & Research Association 


4] 


holt-head, on the other hand, cannot come to the rear until the 
locking lugs have been disengaged from their recesses in the 
hody, and this is effected by the turning motion given to the tail 
of the bolt-head by the helical feathers in the inside of the bolt 
cylinder, working in the bolt-head tail. Primary extraction is 
riven by the cam shape of the ends of the grooves in the body 
in which the locking lugs work. The first motion of the bolt to 
the rear partly compresses the mainspring. As soon as the lock- 
ing lugs are disengaged from the body they are, in prolongation 
of the ribs in the bolt cylinder, and the whole bolt can then be 
dvawn to the rear, until brought up by the feathers (¢, e), on 
the underside of the bolt, coming in contact with the horns 
(w, w) of the trigger. There is a small slot (J) in the bolt-head 
into which the ejector enters, and, catching the cartridge rim, 
ejects the case. 

In closing the bolt the above movements are reversed, the sear 
bent engaging the stud of the cocking piece and completing the 
compression of the mainspring. The action can be cocked 
without opening and closing the bolt by pulling back the cocking 

iece. 

The magazine holds 5 cartridges which are loaded into it in a Magazine. 
clip of the same pattern as that used for the pattern 1888 rifle. 

‘The magazine and guard (9) are in one piece. The rear of the 
magazine is open underneath to allow the empty clip to fall 
through. The bottom of the magazine is closed in front by a 

trough (10) secured by a screw (11). The elevator (12) is 

pivoted in the front end of the trough, and is actuated by a 

strong flat spring (18) attached by a screw to the rear end of 

the trough. 

The platform (12,) is pivoted to the top end of the elevator, 
and is actuated by a flat spring (12)) which is screwed and 
pinned to the elevator. 

In the back end of the magazine is pivoted a catch (14) for 
the clip, actuated by a flat spring (15), the end of the catch 
terminating in a stud (16) which projects into the trigger guard. 
A full or partially emptied clip can be removed, when the bolt 
is drawn back, by pressing the stud (16), when the clips and 
cartridges will spring up out of the magazine. 

The magazine and guard are secured to the body by two 
serews, one (17) passing up in front into the body, the second 
(18) passing up in rear into the tang. 

The stock is in a single piece with pistol grip (19). The Stock and 
lower band is secured by a screw passing through it and the furniture. 
fore-end. It is open at the bottom and is tightened by a screw 
on which is pivoted a sling swivel. The upper band is secured 
hy a screw passing through it and the fore-end. On the left is 
i projection carrying a short rod with a knob at the end, as in 
ihe pattern 1888/90. There is no nose-cap. Grooves are cut 
lor the thumb and fingers of the left hand. The butt carries 
a steel butt plate secured by two screws, and a plate with a 
ling swivel is screwed on to its underside. A long handguard 
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extends from the upper band to the rear end of the backsight 
bed. A small plate screwed on to the latter secures the end of 
the handguard. 

The bayonet and scabbard are similar to those for the pattern 
1888/90 rifle, but are slightly smaller. 

For weights and dimensions see Table IV, Appendix. 


Cavalry Carbine Pattern, 1890. 


This carbine is similar to the rifle pattern, 1595, but is 
shorter. a 

The sights are of similar pattern to those on the rifle 
pattern, 1895, except that the foresight block is soldered to the 
barrel, and the backsight leaf is only graduated up to 2,200 

aces. 

The stock has two bands which pass round the fore-end and 
handguard, they are each secured by a transverse screw through 
the fore-end and band. The front band carries a bar under- 
neath for the attachment of the pommel of the sword bayonet, 
and on the left is a piling rod as in the rifle. The lower band 
is divided underneath and carries a sling swivel. The other 
sling swivel is pivoted to a plate screwed to the underside of 
the butt. if 

The handguard extends from the upper band to the rear of 
the backsight, where it is held down by a small plate, screwed 
to the backsight bed. 


Weight.. oe 
Total length .. as 
Length of barrel es an 


7 lbs. 2 ozs. 
3 ft. 33 ins. 
1 ft. 74 ins. 


It fires the same ammunition as the rifle, the muzzle velocity. 


being 1900 f.s. 


BELGIUM Mauser, 7°65 mm. adopted 1859. 


GERMANY _,, TRS "aia ae ~ 1898. 
SPAIN Lag GigE Sea é 

BOER a Soa 
TURKEY as 7:65. > 55 -; 1890. 


In the plates of the Mauser rifles the longitudinal section of 
the Belgian and Spanish Mausers are shown in Plate XV. 

The parts common to most of the patterns are shown in 
Plates XV and XVI. 

The parts special to the Belgian and German Mausers are 
shown in Plates XVII and XVIII. 
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The Spanish and Boer Mausers being almost identical, the 
former only will be alluded to in the following description, 
except when pointing out the small differences. 

The barrel of the Belgian Mauser is thin, and externally is 
left rough from the turning tool. The diameter of the breech 
end is increased about 1 in. in front of the chamber, and again 
about the centre of the chamber. The breech end is screwed 
into the body. The sights are attached to the barrel casing, 
which is described later. ; 

In the German, Spanish and Turkish patterns the barrel is 
polished and browned externally, and is turned down in steps, 
the portions between them tapering slightly. In these three 
patterns the sights are attached to the barrel. 

The barrel of the Belgian Mauser is covered by a thin tube 
of solid drawn mild steel (1), on to which, near the muzzle, is 
shrunk a ring (2), carrying the foresight block (3), and the 
rod holder (4); this ring ends in a collar (5), fitting close to 
the muzzle, for the ring of the sword bayonet cross-bar. A 
thicker cylinder (6) is secured by screws (7) at one end to 
the rear of the casing, at the other to the body; a pin (8) 
projects downwards from it, into a bushed hole (9) in the 
stock. For the advantages and disadvantages of barrel casings 
see Chapter V. 

The foresight in all patterns is a barleycorn (10) dovetailed 
into its block at right angles to the axis of the barrel. The 
block, in all the patterns except the Belgian, is carried on a 
thin collar, which is pinned and soldered to the barrel. 

The backsight of the Belgian Mauser is brazed on to the 
casing, just in front of the first reinforce. The bed has ramps 
cut into steps. The sight is of similar pattern to that of the 
L.-H. rifle, but the V-notches in slide and cap are smaller. 

The backsight of the Spanish and Turkish models is formed 
with a thin tube underneath, which encircles the barrel, and is 
screwed and soldered to it. At right angles to the leaf M, at 
the rear end, is a small projection with a notch for 400 metres 
in the Spanish, and 250 metres in the Turkish rifle. The face 
of the leaf is graduated from 400 to 2,000 metres. On the right 
side of the slide is pivoted a catch (m), which is controlled by a 
small spiral spring. On pressing down the outer end of the 
catch, a small tooth on its inner end is raised out of slots, 
which are cut, on the right edge of the leaf, opposite each 
100 metres graduation. When this tooth is raised, the slide is 
free to move along the leaf. 

The German backsight, N, is of novel construction. The bed 
consists of a tube (88) soldered and screwed to the barrel. This 
tube has a flat top, at the front end of which are the ears (39), 
forming the joint for the leaf (40) of |__| section, which is pro- 
vided with a single V (41) at the rear end. A slide (42) 
travels along the bed, being held to it by the grooves (43). 
'I'his slide is provided with an arm (44) on either side of the 
loaf. On the inner sides of these arms are two studs, which 
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fit, one above the other below, the ribs (45) on the outer 
sides of the leaf. As the slide is moved forward, these studs 
raise the leaf and thus regulate the elevation of the V. The 
graduations are marked on the top surface of the bed, even 
numbers on the right, odd numbers on the left. The even 
numbers are also marked on both sides of the bed. To use’ 
these graduations on the sides of the bed, pointers (46) on the 
slide are provided. Roughened finger'pieces (47) are fitted to 
the slide; these are provided with teeth, which engage in 
notches on the bed; the tooth actuated by the finger piece on 
the right side engages in the notches on the left of the bed, and 
vice versd. On pressing the finger pieces together, the slide is 
free to move. The notches are arranged to admit of the slide’ 
being set for intervals of 50 metres. 

The body is serewed on to the breech end of the barrel in the 
usual manner. On either side of the bolt way a groove (14) is 
cut in which work the lugs on the bolt, and the extractor. 
The groove on the right side is partly cut away to allow of the 
cartridges being ejected to the right. At the front end of these 
grooves are the recesses (13) for the locking lugs of the bolt. 
The rear part of the body, through which the bolt moves, forms 
a complete cylinder (15), and behind this it is prolonged into a 
tang (16) with a groove in it for the cocking stud. The body 
is cut out underneath for the magazine, and an opening is cut 
in the tang for the tooth of the sear (17), which projects into 
the groove for the cocking stud. In the Spanish and Turkish 
patterns another opening is cut, just behind the magazine way, 
for a tooth on the front end of the sear. This tooth rises as the 
trigger is pressed and engages in the slot (d;) in the bolt. In 
the German pattern a cross groove is cut, just behind the maga- 
zine way, for the lug (a) of the bolt; and the left side of the 
body is cut away, as shown by dotted lines in the section of the 
Spanish rifle, to give clearance for the thumb, so as to enable 
the cartridges to be quickly swept out of the charger into the 
magazine without fear of injuring the end of the thumb. In 
the Turkish pattern there is a small horizontal cut-off, some- 
what similar to the Lee-Metford pattern, pivoted in the right 
side of the body, and controlled by a flat spring having a tooth, 
which engages in suitable notches in the cut-off. 

The bolt A is of strong and simple construction, without any 
movable bolt-head. It can be stripped without the use of tools. 
The locking lugs (a, a) are opposite one another at the front end. 

On the German bolt is an extra lug (a) engaging in a recess in 
the cylindrical part at the rear end of the body. The face is 
recessed to receive the base of the rimless cartridge; the lever (b) 
is straight, and stands out at right angles from the rear end of 
the right side of the bolt. At the end is around knob (c). 

At the back end of the bolt is cut a cam-shaped recess (d), 
which partly cocks the striker on turning up the bolt lever. 
On the opposite side is a small notch (d,) for the tooth of the 
safety bolt. 
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On the German bolt is a small rib (a2), which acts as a gnide 
in withdrawing the bolt, and lies underneath the extractor, 
supporting it when the bolt is closed. 

In the Turkish and Spanish patterns a shallow groove (d;) is 
provided for the front tooth of the sear. 

The mainspring B is of coiled wire -06 thick, with 28 to 31 Mainspring. 
coils in the different patterns. 

The striker C has a short point (e) and a collar (f), against Striker, 
which the mainspring bears. The end of the striker in the 
Belgian pattern is threaded, in the other patterns there are inter- 
rupted rings, near the end, for the attachment of the cocking 
piece. 

The rear end of the striker C either screws into the cocking Cocking 
piece D, or is joined to it by the above-mentioned interrupted Piece. 
rings, in the latter case a quarter turn of the cocking piece 
_ releases it from the striker. On the under side of the cocking 
piece is a projection (g), which travels in a groove, cut for it in 
the tang of the body. ‘This projection engages with the sear 
nose when the rifle is cocked. The front top surface of the 
stud (g) is bevelled off at (h) so as to work in the cam slot (d) 
in the rear of the bolt. In the German cocking piece the front 
end is bevelled off on both sides at (hz). 

The bolt plug E screws loosely into the rear end of the bolt. Bolt plug. 
The mainspring bears against the front end of it at (i). The 
cocking stud (g) works in the slot (g,), and therefore the bolt 
plug cannot revolve with the bolt when the lever is raised. A 
rib (j) on the Belgian striker, and flats (j) on the strikers 
in the other patterns, prevent the striker from turning in the 
bolt plug. On top of the bolt plug is a cylindrical hole (r,), for 
the stem of the safety bolt K. On the left of the German 
bolt plug is a pin (rs), actuated by a spiral spring, which engages 
in the groove (ds), at the rear of the bolt, when the lever is upright, 
and the bolt withdrawn. This is a special provision for pre- 
venting the bolt plug from being accidentally unscrewed when 
the bolt is withdrawn, and while the safety bolt is holding back 
the cocking piece. In the other patterns the front of the stud (h) 
on the cocking piece, resting in a small groove (h,) on the rear 
of the bolt, prevents the bolt plug from turning if the safety 
holt is not holding back the cocking piece. The flange (r4) on 
the German bolt plug prevents the escape of gas into the firer’s 
luce in the event of a defective cartridge case. 

The safety bolt K consists of a thumb piece (s) and a spindle Safety bolt. 

(r), which works in the hole (7,) in the bolt plug. When the 
holt of the rifle is closed, and the thumb piece is turned vertical, 
(he flange (w) on the safety bolt is brought in front of the top 
of the cocking piece, and -forces it back a little, withdrawing 
ihe stud (g) from contact with the sear. On turning the thumb 
piece over to the right, the cocking piece is still locked as 
ibove, but the end of the stem (r), where it is not cut away at (£), 
suters into the slot (d,), on the end of the bolt, and thus locks 
ihe bolt and bolt plug together, preventing the former from 
loin: revolved. 
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The Belgian safety bolt is retained in position by a small: 
pin (v) actuated by the spiral spring (w), the former working in 
a groove (58) cut across the top of the bolt plug E. Tho 
spring (w) and pin (v) are retained in position by the screw (2). 
In the other patterns the safety bolt is retained in the two 
safety positions by the top of the cocking-piece ‘bearing in 
shallow depressions (v, v1) on the end of the safety bolt. 

In the Belgian pattern the extractor is a short spring F, ter- 
minating in the usual claw (k). It is let into the right side of 
the bolt midway between the two locking lugs, and conse- 
quently revolves with the bolt. In the other patterns it is a 


long spring provided with an undercut groove (k,). The spring 


band F, fits in the groove (k;) in the bolt, and is capable of, 
revolving round the latter. The two ends of the spring termi- 
nate in dovetail projections (%), which fit in the under groove 
(k,) in the extractor. 

he extractor works in the groove in the right side of the 
body, and is thus prevented from rotating when the bolt lever 
is turned up. The right-hand bolt lug lies in the recess (a) 
in the extractor when the bolt is drawn back. 

On the left side of the body is hinged a lever G, with a 
tooth (n) on it, which projects into the groove (14), in the 
body, for the left locking Ing of the bolt. This lever is pivoted 
on the pin (p), and is kept pressed up against the body by 
the flat spring H, which is let into it, When pulled away from 
the body by means of the rib (0), the bolt can be withdrawn 
from the rifle. In the Belgian and Turkish models the rib (0) is 
replaced by a flap, shaped to lie up against the side of the 
body. 

fat piece, I, inside the retaining bolt, working on the same 
pivot pin (p), and actuated by the spring J inside the lever, 
projects into the boltway and forms the ejector. A slot (q) is 
cut for it in the left locking lug, and in the face of the bolt, so that 
when the bolt is drawn back the ejector springs into this slot, 
The base of the cartridge then strikes against the ejector, but 
as the extractor continues to draw back the right side of the 
cartridge, the latter is swung round and thrown out of the 
action to the right. 

The sear (17) projects into the groove cut in the tang (16) 
of the body, and is part of a bar pivoted near its front end 
to the body. It is actuated by a spiral spring (19), let into 
it, oue end of which bears against the body. P (Plate XVI) 
represents the Spanish and Turkish sear, which only differs 
from the Belgian pattern in having a projection on the front 
end which engages in the groove (ds) in the bolt, and in having 
the spiral spring vertical instead of horizontal. The German 
pattern is similar to the Spanish and Turkish, except that tho 
projection at the front end is omitted. 

The bar portion (18) of the sear has a vertical slot cut in 
it, in which the trigger (20) is pivoted. It has a double pull- 
off, of which the action is similar to that of the Austrian rifle, 
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here is no half cock, nor can the striker be placed at full 
cock without opening and reclosing the action. Foran 

On the first motion of raising the lever (b) to open the einen 
action, the cocking piece D and the bolt plug E are prevented mens = 
from turning with the bolt, owing to the cocking stud (g) pro- ; 
jecting into the groove cut in the tang of the body. The 
tooth (h), on the cocking stud, is forced back by the cam 
recess (d) of the bolt; the striker is thus drawn back, and 
the mainspring partly compressed. While the lever is being 
raised, its lower end, at its point of junction with the bolt, moves 
wgainst an inclined plane cut cn the rear face of the cylindrical 
part of the body. This leverage causes the whole bolt to move 
« short distance to the rear, and constitutes the primary 
extraction or loosening of the empty case inthe chamber. When 
the bolt lever has been turned through an angle of 90°, and is in 

« vertical position, the end of the cocking stud (h) or (hg) rests 
_ in the notch (fj) in the rear end of the bolt; the lugs (a) (and 
(v1) in the German pattern) are in the grooves (14) in the 
body, and the rib (a), on the German bolt, is opposite its groove 
in the cylindrical part of the bedy. On drawing back the bolt 
the ejector I springs into its groove (q), so that the base of the 
cartridge on the left side strikes against it, and the cartridge 
is swung out of the rifle to the right. The left lug (a) then 
comes in contact with the tooth () of the retaining bolt, 
and the backward motion of the bolt is arrested. 

On pushing the bolt forward, the ejector I is pressed to 
the left, the bottom of the bolt strikes the top cartridge in the 
magazine and pushes it forward into the chamber. As it 
does so, the base of the cartridge rises up the face of the 
bolt, and the extractor engages the groove of the cartridge. 
In the Belgian, Spanish, and Turkish patterns, when the 
bolt has about 1 inch further to travel, the cocking stud (g) 
is engaged by the sear (17), so that the cocking piece D and 
the striker C are held back while the bolt and bolt plug E are 
pushed forward, thus compressing the mainspring. On finally 
turning the lever down, the bolt is locked by the lugs 
(a, a) and (a;) engaging in the recesses cut for them in the 
hody. In the German bolt the cocking stud does not engage 
the sear until the bottom of the bolt lever meets the cylin- 
(vical part of the body; the mainspring is therefore finally 
compressed on turning down the bolt lever. This compres- 
‘ion is materially assisted by the lugs on the bolt travelling 
slong the cam-shaped entrances to their recesses, and being 
thereby forced forward. The striker C is released, as already 
ilescribed, and the tooth (h), er (hi), on the cocking piece, 
entering the cam recess (d) on the bolt, the striker can 
reach the cap. 1f, however, the bolt is not completely closed, 
\he travel of the striker is not complete, and the tooth of the 
vocking stud is not opposite the recess (d), so that the rifle 
\, either not fired at all, or the closing of the bolt is completed 
ly the tooth striking the side of the cam recess. In the 


Digitised by the Vickers MG Collection & Research Association 


48 


Spanish and Turkish patterns the sear (17) cannot be depressed 
until the bolt is completely closed, as the projection on the front 
end of the sear cannot rise into the slot (dg), in the bolt, until 
the bolt lever is fully turned down. 

Magazine. The magazine (21) in the Belgian, or earliest pattern, holds 
five rimless cartridges in a single column. [t ‘consists of a 
detachable sheet steel box, the bottom of which is hinged to 
the sides at its rear end (22), and secured by a screw (23) ab 
jts forward end. This screw serves also as the pivot of a flat 
lever (24), actuated by a flat spring (25) attached to the bottom 
of the magazine. Another flat lever (26) is hinged to the 
end of the first one, and forms the platform for the cartridge ; 
another flat spring (27), secured to the lower lever (24), raises 
the upper one (26). The sides of the magazine are turned in at 
the top for nearly their entire length, to keep in the cartridges ; 
they have both horizontal and vertical cuts in them, so that the 
sides form springs sufficiently elastic to open out when the car- 
tridges are forced down into the magazine, but sufficiently 
strong to prevent the cartridge from being pushed out by the 
platform. The magazine passes up through an opening in the 
prolongation of the trigger guard, and is held in position by a 
small lever catch (28), pivoted in the trigger guard, and actuated 
by asmall spiral spring (29). The magazine can be withdrawn on 
pressing the button (30) of the catch which projects through the 
front of the guard. For cleaning or repairs the screw (23) is 
withdrawn a few turns, when the bottom of the magazine, and 
the spring (25) attached to it, drops down; a few more turns of 
the screw enables the feeding lever to be disengaged; the screw 
is still engaged, and is therefore not liable to be lost. 

The German, Spanish, and Turkish Mausers have a simpler ~ 
and more compact magazine, shown in Figs. Q and R, © 
Plate XVI. These magazines differ only in size to accommo- 
date the various cartridges used in them. The body of the 
magazine (48) forms part of the prolongation of the trigger ~ 
guard, and does not project below the bottom of the stock. 
The magazine opening in the body is slightly narrower than 
the magazine itself, so that the two columns of 2 and 3 
cartridges respectively are pressed upwards against the over- 
hanging edges, and are thus prevented from rising out of 
the magazine, as they can only come out of the central 
opening. The bottom of the magazine is closed by the plate 
(49). When this plate is pressed against the bottom of the 
magazine and pushed forward, the undercut ribs (50) and 
(5)) on the plate enter the grooves (50a) and (51a), and the 
plunger (52), which is actuated by a spiral spring, enters the — 
hole (52a) in the plate. The magazine spring (53), of ribbon 
steel bent into a zigzag form, has its ends secured in undercut 
recesses in the plate (49) and in the platform (54). The plat- 
form is provided with a rib (55) near its left side, which raises 
the column of cartridges resting upon it, and brings the centres 
of the cartridges in left column level with the tops of tho 
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corresponding cartridges in the other column. In order to 
detach the plate (49), with the magazine spring and platform, 
for cleaning purposes, the plunger (52) is pressed in with the nose 
ofa bullet, and the plate is freed from the magazine by sliding 
it to the rear. In the Spanish and Turkish patterns, when all 
the cartridges in the magazine have been expended, and the bolt 
is being pushed forward after extracting the last of them, the face 
of the bolt is caught by the rear end of the rib (55) of the plat- 
form, and is prevented from being closed until the magazine is 
refilled or the platform depressed with the finger. This arrange- 
ment informs the soldier in the heat of action that his magazine 
isempty. In the Belgian pattern there is no rib on the magazine 
platform, and in the German and Boer patterns the rear end of 
the rib is bevelled off to allow the bolt to pass over it. 

The five rimless cartridges are held in a charger (see Charger. 
Plate LXI.) consisting of a strip of sheet steel with edges 
turned over thus [ J], the edges entering the extractor 
groove cut in the base of the cartridge. A spring of wavy 
wibbon steel is secured to the inside, and holds the cartridge 
firmly in the charger. To fill the magazine, the charger is 
placed perpendicularly in position over it, the bottom of the 
charger being supported in a vertical groove cut for it in the 
body. The cartridges are forced out of the charger into the 
magazine by the downward pressure of the thumb applied just 
in front of the charger. The charger is thrown out by the 
bolt as it is pushed forward. The Turkish pattern is the only 
one provided with a cut-off. 

The stock is in one piece; in the German pattern it is pro- Stock. 
vided with a pistol grip. The stock, body, and trigger guard, 
are held together by the screws (31, 32). The former is 
screwed into a boss, which extends at right angles to the 
axis of the barrel; this boss communicates the recoil of the 
barrel and body to the stock and saves the screws (31) and 
(32) from being broken by the recoil. The Spanish and 
Turkish patterns have a handguard extending from the body 
to the lower band; in the German pattern the handguard extends 
from the backsight to the lower band. 

In the Belgian, Spanish, and Turkish patterns the upper Bands, 
band (33) has a projection underneath it for the attachment of cette! and 
‘he sword bayonet in the usual manner. The nose-cap is a flat "8° P* 
plate, either screwed to the stock, or pinned to it through a 
projection on the back of the plate. 

In the German pattern the upper band (56) is made of sheet 
steel, and is broader than usual. On .its underside is a hook 
used for tightening the sling. The upper band covers a nose-cap 
(57), with long sword bar for fixing the sword bayonet and is 
lixed to the stock with across pin. In all patterns the lower 
hand carries a sling swivel underneath. The bands are kept in 
position by means of spring catches let into the stock, either on 
‘he right-hand side or underneath. A second swivel is pivoted 
on a plate screwed on to the underside of the butt. 
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Cleaning rod. AJ] patterns are provided with a cleaning ,rod. In the 
Belgian pattern it is of full length and screws into a nut in 
the stock. The h-ad has a slot in it, and fits into the rod 
holder (4) of the foresight ring. 

The Turkish pattern has a full length rod screwing into f 
nut in the stock. 

The Spanish and German patterns have a half length rod, 
one end of which screws into a nut in the stock. The other end 
is provided with a slot for the rag, and is tapped to allow of 
two rods being joined together. 


Butt plate. The butt plate is of steel secured by two screws; it has no 
trap. The German butt plate is thin, but unusually broad at 
the toe. 

“tage The German bayonet is fixed solely to the strong sword bar 

oo attached to the nose-cap; there is no cross piece on the side of 


the hilt next the barrel. The bayonet is unusually long; it is 
provided with a straight rib which forms the back for two-thirds 
its length, but from the point for one-third of its length the 
blade extends on both sides of the rib and is double edged. A 
bayonet is not used with the Boer Mauser. 

‘The blade of the Turkish bayonet is rather long ; it is double 
edged near the point. A groove, or fuller, runs parallel with, 
and close to, the back for two-thirds the length of the blade. 

The blade of the Spanish bayonet is very short; it has a 
broad back, and a broad flat-bottomed fuller runs to within an 
inch of the point. The blade is double edged for about 1 inch. 

The Belgian bayonet is similar to the Spanish. The scabbarda 
for the above bayonets are made of black leather, with steel 
lockets and chapes ; the lockets are provided with steel studs to 
enable them to be attached to the waistbelt frog. The stech 
work of the above bayonets and scabbards is left bright. 

For weights and dimensions see Table IV, Appendix. 


SPAIN. 


Mauser carbine. 7mm. °*275-inch. 


This carbine is similar in construction to the Spanish Mauser 
rifle with the following exceptions :— 


Sights. The backsight leaf is graduated from 400 to 1,400 metres. 
Bolt. The bolt lever is turned down so as to lie close to the stock. 
Nose-cag and ‘The barrel projects ,j;-inch through the nose-cap. The lattor 
bands. is extended upwards at the sides to form wings for the proteus 


tion of the barleycorn ; it is also raised in front to the height: 
of the foresight block for the protection of the latter. It is nob 
rovided with a sword bar. 

The lower band carries a sling swivel on the right-hand sido, 
A plate is attached by two screws to the stock, just below and 
in rear of the small. Carried on a staple fixed to this plate in 
a ring for the attachment of the other end of the sling. 
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i DENMARK. 


Krag Jorgensen. 8 mm. *315-inch, pattern 1889, 


The barrel, which is moderately thin, is reinforced at the Barrel. 
breech end. It screws into the body, and is finished turned and 
browned externally. 

It is protected, like the Belgian rifle, by a cylindrical casing, Casing. 
which screws on to the barrel (1) just in front of the reinforce 
and is secured by a short spring catch, one end (2) of which 
dovetails into the reinforce, while the other (3) fits into a hole 
cut for it in the casing. The muzzle (4) projects for about 
}-inch beyond the casing. The front end of the casing has.a 
strengthening piece (5), brazed on, which carries the foresight, 
block (6), and a bar (7) for the attachment of the sword 
bayonet. 

The barleycorn foresight (8) is dovetailed into its block at Sights. 
right angles to the axis of the barrel. The backsight bed is 
secured to the casing by two screws passing up from the inside; 
it has a fixed sight (9) with V notch for 300 metres range, and 
the usual leaf (10) and spring. The leaf is graduated in front 
for ranges from 400 to 1,300 metres, and at the back for ranges 
from 1,400 to 1,900 metres. There is no cap, but the sides are 
connected by a flat cross-bar. The slide (11) with V notch, 
when at the bottom of the leaf, in the upright position, gives the: 
elevation for 400 metres. The leaf is retained in position at any 
graduation by a small spring pawl pivoted in its left side, the: 
tooth of which engages in notches cut in the left side of the leaf, 
corresponding to the graduations. On the right side of the 
slide is another V notch, which is used for ranges from 1,400 to 
1,900 metres, in conjunction with a flat button (12) screwed into 
the right side of the upper band. 

The body is bored longitudinally for the bolt, and is cut away Body. 
on the right, to allow of the empty case being ejected, and to 
facilitate single loading. The rear part of the body does not 
form a complete circle, but is slotted out on top to admit the 
extractor, and to give clearance for the lug, when taking out the 
bolt. The magazine is a horizontal one screwed on beneath 
the body, and having its opening (130) on the left of the 
boltway. The body is prolonged to forma ang behind, and a 
groove (15) is cut in this portion for the cocking stud, a vertical 
slot being cut in the groove for the bent of the sear. On the 
right side a recess (15a) is cut for the bolt lever. At the front 
ond of the boltway there is a recess (13) for the end of the 
*xtractor, aud below this another (14) for the locking Ing (a) 
on the bolt. On the left side of the boltway in front is a 
projection (13a) which holds down the extractor. 

The face of the bolt cylinder, A, is recessed for the base of Bolt. 
the cartridge, which has arim. There is no separate bolt-head. 
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A single locking lug (a) is situated at the head of the bolt. On 
the right side, when the bolt is closed, is a solid rib (6) which 
bears against a shoulder (16) in the body, and assists in taking 
the shock of recoil. The lever (c), terminating in a knob 
(d), is at the rear end of, and at right angles to, the bolt 
cylinder. A cam-shaped recess (¢) is cut in the back of the 
bolt. On the rear end of the bolt isa small groove (e,) in which 
the point (h) of the cocking stud rests when the breech is open. 
A gas escape hole (a) is bored in the right side of the bolt 
cylinder. 

A flange (17) runs partly round the rear end of the bolt and 
serves to retain the sleeve F. The bolt can be stripped without 
the aid of tools. q 

Mainspring. The bolt is bored out from the rear for the mainspring, B, 
which is of "053 wire, with 28 coils set toa length of 4°5 inches. | 

Striker. The striker is in two pieces, the point, C, forming the front 
end of a hollow cylinder which fits over the other portion, D, and 
is secured to it by a sort of knuckle joint. The mainspring 
bears against the rear end (f) of the front part of the striker. 

Cocking ' The rear portion, D, of the striker, screws into the cocking 

piece. piece, H, from which the cocking stud (9) projects downwards, 
travelling in the groove (15) cut for it in the tang of the body. 
The front of the stud (h) is shaped to fit into the cam recess (¢) 
of the bolt. The stud is provided with a half bent (¢), as well — 
as a full bent (i), and the cocking piece has a roughened 
thumbpiece (k). 

Bolt sleeve. The striker passes through a sleeve, F, which fits into the 
rear portion of the bolt, and against which the mainspring bears 
at (1). The sleeve is bored out for the cocking piece, and has — 
a slot (m) in its underside for the cocking stud to travel in. On 
the top it extends over the bolt, travelling in the slot cut in the 
body cylinder; a groove (7) is cut in this portion of the sleeve, — 
in which a corresponding flange (17) on the rear of the bolt 
works, and prevents the pressure of the mainspring at (2) from 
forcing the sleeve out to the rear. 

Extractor, The extractor, G, which is a long flat spring terminating in 
the usual claw (0), is pivoted by a screw (18) to the bolt 
sleeve, and fits over the bolt rib, when the bolt lever is raised. 
It has a secondary spring (p) mortised into it, which fits under 
the projection (13a) in the body, and prevents the extractor 
from rising during primary extraction. The extractor claw 
projects over the face of the bolt head recess. When the bolt 
is closed the end of the extractor fits into the recess (13) in the 
body, but when the bolt lever is raised the projection (6) on 
the front of the rib of the bolt bears against the projection (0) 
on the extractor, guiding the latter while the bolt is being 
drawn back. The slot in the cylindrical portion of the body 

sel assists in performing the last-mentioned function. 

sejnommemd There is no retaining bolt, but the lug on the bolt coming up 

caregaapiaiins against the resisting shoulder (16) stops the backward movi» 
ment of the bolt. ‘To remove the bolt it must be drawn back, 
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the extractor lifted so as to clear the top of the body, and the 
bolt lever turned to the left—this brings the lug opposite the 
slot in the body cylinder, when the bolt can be withdrawn. 

The ejector (19) is a spring, dovetailed into the bottom of Kijector. 
the boltway. Its front end projects upwards and enters the 
groove (q) in the head of the bolt, when the latter is drawn 
back. On the base of the cartridge striking the ejector, the 
cartridge is rotated upwards and to the right, and is ejected 
from the action. 

There is no locking or safety bolt. The striker can be Safety bolt. 
placed at half and full cock without opening the action. 

The sear (20) is pivoted underneath the body on the pin Sear. 
(20a); the bent of the sear projects into the groove (15) in the 
tang. The sear is actuated by the flat spring (22) let into it. 

The trigger (21) is a bent lever pivoted on the pin (21a) in Trigger. 
wslot at the rear end of the sear. The trigger has two ribs 
on its upper surface, which bear in succession against the 
underside of the tang, and produce the double pull-off, fully 
described in the Austrian Mannlicher pattern 1888/1890. Z 

On first raising the bolt lever the point of the cocking stud Action of 

(h), which is prevented from rotating by the groove (15), is pene 
forced back by the cam surface of the recess (e) and drops into Di 
the groove (e). As the bolt lever is being raised it is forced 
back by the curved surface of the back of the body at (16a). 
This effects the primary extraction. While this is taking place 
the extractor is held firmly down on the cartridge by the pro- 
jection (13a) on the body. The extractor is pressed to the left 
by the projection (b,) on the bolt bearing against the projection 
(0,) on the extractor. The bolt can now be drawn back as the 
lug (a) has been withdrawn from its recess (14), and the rib 
(b) is opposite the opening in the rear part of the body. As 
(he bolt is withdrawn, the point of the ejector (19) enters the 
groove (q) in the bolt-head, and ejects the cartridge as before 
described. The backward motion of the bolt is stopped by the 
lug (a) striking the shoulder (16) on the body. On pushing 
lorward the bolt the left edge of the face of the bolt strikes 
igainst the base of the cartridge which projects partly through 
the opening (13d) in the body, and pushes it forward into the 
chamber. The bent (j) on the cocking piece meets the bent of 
(he sear (20) at the same time as the bolt lever meets the 
inrface (16a) on the body. As the bolt lever is turned down 
the lug (a) on the bolt passes down a cam-shaped groove to its 
wating (14). This forces the bolt fully home and completes 
(he compression of the mainspring. 

The magazine (23) isa sheet steel box, secured by two screws Magazine. 
(0 the underside of the body. It passes underneath from right 
'o left, and turns up on the left side opposite the opening in the 
hody. It has a door (24) on its right side hinged to it in front, 
snd secured in rear by a spring catch with knob (25). 

"he mechanism, H, for feeding the cartridges, is attached 
(0 the door, and consists of a lever (r) actuated by a flat 
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spring (s), the end of which (s') is dovetailed into the door of 
the magazine, and the platform (¢), which is hinged to the lever. 
When the door is fully open, the rear arm (r') of the lever is 
engaged by a projection on the front of the magazine, and by 
this means the lever and platform are held back against the door, 
permitting of the free introduction of the cartridges. When tho 
door is closed the lever is released, and, with its platform, is 
pressed to the left by the spring, forcing the cartridges, forward 
and upwards, into the opening in the body; the rear end 
of this opening is however not broad enough to allow the base 
of the cartridge to pass through. When the bolt is pushed to 
the front, its face catches the rim of the cartridge on its right 
side and moves it forward, the bullet being guided into the 
chamber along an incline in the left side of the body, until 
the base comes to the enlarged portion of the opening, when 
the whole cartridge clears the magazine and is forced into the 
chamber by the bolt. The magazine can be charged with the 
bolt either open or closed, and can be replenished at any time 
with one or more cartridges. 

Cartridge The magazine can also be filled by means of a charger holding 

charger. five rim cartridges. The charger is a steel box of rhomboid 

form, open at one of the long sides, and partially so at the top. 

An iron rod with handle is secured to the top, the ends of the 

rod being turned over, so that, when the handle is down, the end 

of the rod prevents the cartridges coming out at the open side. 

To charge the magazine, the door is opened, the charger put up 

against the magazine, the handle raised, and the cartridges 

emptied in by slightly inclining the rifle to the left. 

The cut off, I, is a split spring pin, working in a hole bored 
in the left side of the body parallel to the bolt, and terminating 
in a thumbpiece (w). One blade (v) of the pin is eccentric and 
longer than the other, and when the thumbpiece is turned up 
the blade projects into the cartridge way and keeps back the 
cartridges. 

Btock. The stock is in one piece, without pistol grip, but with fore. 
end grooves for the fingers and thumb of the left hand. Tho 
stock aud body, with magazine, are secured together by three 
screws passing up from below; one (27) of these screws into a 
boss on the underside of the body in front of the magazine, the 
other two (28) and (29), through the trigger guard and stock, 
into the body and tang. The trigger guard (30) is a separate 
component of the ordinary pattern. 

Band and The lower band, with sling swivel, is secured by a spring 

swivels, catch let into the underside of the stock. The upper band (34) 
carries a piling swivel (35), and the long range bead foresight 
(12), is secured by a screw. A second sling swivel is screwed 
into the butt. There is no nose-cap, and the end of the stock 
is rounded off. The butt plate is of steel secured by two 
screws. No cleaning rod is carried in the rifle. A whipcord 
pull-through is provided. <A sight protector is issued with 
the rifle, 
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is prolonged forwards at (40) between the sides of the body. 
The bolt slides in a longitudinal groove, cut in the upper part of 
the body, and the lugs (21) on the bolt-head turn into recesses 
(3) at the front end of the bolt way. The entrances to these 
recesses are rounded off to allow of the bolt coming back during 
primary extraction. Atthe front end, below the projection (2a), 
is an opening (4) for the magazine tube. The bottom of the 
body is closed by a plate (5) to which is attached the sear and 
the cartridge elevating mechanism, which are situated below the 
boltway. ‘The projection (6) on the front end of the plate fits. 
into a recess in the body, and a screw passes through the body 
and throngh a screw-hole (7) in the rear endof the plate. The 
body is cut away on the right side to allow of the cartridge 
cases being ejected to the right. The rear part of the boltway 
is open on top to allow of the passage of the rib (14), on ihe 
bolt, and also of the bolt lever, which turns down in front of the 
shoulder (8). Two recesses (9) and (9a) are cut in the bottom 
of the right side of the body for the handle of the carrier axis- 
pin lever (49). 

The bolt A is a strong cylinder, bored out from the front for 
the mainspring. It has a straight lever terminating in a knob. 
On the opposite side to the lever is a groove (10) into which the 
nose of the sear projects. On the Jeft side, with the lever in 
the raised position, is the groove (11) for the ejector (84). On 
the same side is cut, at the rear end of the cylinder, a cam- 
shaped recess (12) for the similarly shaped projecting tooth (28) 
on the cocking piece. When the bolt lever is raised the end of 
the tooth (28) rests in the recess (13). The projecting rib (14) 
extends beyond the face of the bolt, and serves to connect the 
bolt-head and bolt by means of the recess (15) fitting over the 
stud (17) on the bolt-head. A screw passes through the hole 
(18) in the bolt and enters the hole (19) in the bolt-head tenon, 
which in turn enters the mainspring channel of the bolt-head ; 
the latter is therefore forced to turn with the bolt. This rib 
also acts as a guide to the bolt, the small rib (16) travelling 
along the left top edge of the body. 

On the left of the bolt-head B is the ejector groove (11a). 
On the right, the extractor (20) fits into an undercut groove, 
the rear end being splayed out slightly to resist the pull during 
extraction. The two Ings (21) enter the recesses (3) in the 
body on tke right and left of the boltway, and prevent the bolt 
being forced to the rear on firing. The face of the bolt-head 
is cupped out to a depth equal to the thickness of the cartridge 
rim; the extractor, therefore, will not rise over ‘the rim of the 
cartridge until the cartridge is almost home in the chamber. 
The bolt-head is bored ont for the striker, the hole in rear 
being oval to receive the part (24) on the striker. The groove 
(10) on the bolt for the sear nose is continued for a short distance 
along the bolt-head at (10a). 

The mainspring consists of 19 coils of wire, ‘05 inch thick, 
set to a length of 3:9 inches. 
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The striker has a shoulder (22) for the mainspring to bear Striker. 
against, and two slots (23), near the rear end, fit into the 
'-shaped recess in the striker knob (26). The part that 
enters into the bolt-head is thinned down in front of the 
shoulder at (24). The point is further reduced in two steps 
at (25). 

the sakele piece D has a projection (27)in front, working in Cocking 
the opening between the sides of the body. Underneath the piece. 
projection is a tooth (28) which is shaped to fit into the cam 
recess (12) at the back of the bolt cylinder. The bottom front 
corner (29) of the cocking piece is the full cock’ bent. The 
notch (30) is a second full cock bent. The notch (31) affords 
clearance for the bent of the sear, when the cocking piece 
is forward in the fired position. The top is hollowed out 
and roughened to form a comb for drawing back, or letting 
down the striker, but the mainspring is too strong for this 
to be done with safety. The striker passes through the 
cocking piece, its knob fitting into the recess (33) in the rear 
end of the latter and being locked with a half turn. 

The extractor (20) is a short flat spring terminating in the Extractor. 
usual claw, which projects over the face of the bolt-head ; it 
is dovetailed into its groove in the bolt-head. The breech end 
of the barrel is bevelled off for a quarter of its circumference 
to afford clearance for the claw of the extractor. 

The ejector is a small pin (34) screwed into the body on the Ejector. 
left side, it projects into the boltway and works in the slot(11) 
and (11a) in the bolt and bolt-head. 

The sear. E is pivoted on the carrier axis pin (47) which Sear. 
passes through its front end (35). The bent of the sear (36) 
projects through an opening in the partition (40) into the bolt- 
way. The sear is pressed upwards by a V-spring (38), one end 
of which engages in the recess (37) in the sear, the other end 
being fixed by a small screw which passes across the bottom 
plate. 

The trigger F is pivoted in a fork at the end of the sear. It Trigger. 
has two ribs on top which give the double pull-off as described 
in the Austrian rifle. 

On turning up the bolt lever the tooth (28) on the cocking Action of the 
piece rides up the inclined face of the cam recess (12) on the breech _ 
holt, and the point of the tooth drops into the recess (13). mechanism. 
‘his compresses the mainspring nearly to its full extent. The 
cocking piece is prevented from turning with the bolt by the 
projection (27) being supported by the sides of the body. 

Ag the bolt is- being opened the lugs (21) on the bolt-head are 
iurned from in front of their supports into a vertical position, 
and the front end of the projection (14), on the bolt, is forced 
hack by the curved face of the body at (39); this effects the 
primary extraction. The bolt lever and rib (14) are now in line 
with the opening between the sides of the body, the ejector 
wevew is in the groove (11) and the groove (10) in the bolt is 
opposite the projecting sear bent (36), and the bolt and the 
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empty cartridge can be drawn back. When the bolt 18 
fully back it is stopped by the lower lug striking the end of 
the partition (40) in the body. At the same time the end of 
the ejector screw (34) strikes behind the left edge of the 
cartridge rim, and ejects the empty cartridge to the right. 
On pressing the bolt forward, the face of the bottom lug strikes 
the base of the cartridge in the carrier, which has just been 
raised, and pushes it forward into the chamber. As the front 
of the rib (14) meets the curve on the front of the body (39), 
the sear bent (36). engages the bent of the cocking piece (29). 
On turning down the bolt lever, the lugs (21) on the bolt-head 
pass along the curved entrances to the recesses (3) and force the 
bolt fully home, completing the compression of the mainspring. 
The claw of the extractor springs over the rim of the cartridge, 
and travels round the bevel cut for it on the face of the barrel, 
while the bolt handle turns down in front of the shoulder (8) 
on the body. 

Magazine The magazine consists of a longitudinal hole bored in the 

ee fore-end, lined towards the rear witha short steel tube (41), 

leg ato which is kept in position by a pin (42) through the fore-end. 
It holds eight cartridges, which are pressed to the rear by a 
steel spiral spring consisting of 78 coils of wire ‘03 inches 
thick. The rear end of the wire is fixed in a steel plunger, 
which is prevented from coming out of the tube by a small 
shoulder in the latter. The cartridges are raised by a carrier 
G, in the form of a scoop, which is pivoted at (43) on the 
stem (47) of the carrier axis pin I, which passes through a 
hole (48) in the vertical sides of the bottom plate. On the 
rear end is a tooth (44). The depressor H is provided with a 
pin (45), which fits in the hole (46) in the carrier. On 
the end of carrier axis pin I is a lever, terminating in a 
chequered button (49). At the top of the lever is an undercut 
projection (50), against which the end (51) of the retaining 
spring J bears. The retaining spring is pivoted on the screw 
(52) in the bottom plate. The elevating lever K is pivoted on 
the same screw; it is pressed upwards by the spring (53) 
which is screwed to it. ’ 

The action of the cartridge elevating mechanism, and the 
magazine are as follows:—Suppose the breech closed and the 
button (49) of the carrier axis pin lever is to the rear, then the 
stud (54) on the carrier axis pin is bearing on the surface (55) 
of the depressor. This causes the arm (56) of the latter to stand 
well above the top surface of the carrier. On closing the 
breech the bolt lever strikes the arm (56) and forces the 
carrier down. The end (57) of the elevating lever is depressed 
and bears against the front face of the projection (58) on the 
carrier and holds it down. The interrupting tooth (59) on 
the elevating lever spring is raised, so that it would catch 
the head of any cartridge coming from the magazine. On 
drawing back the bolt, the bottom lug on the bolt-head strikes 
the tooth (44) on the carrier, and raises the front end of tho 


Digitised by the Vickers MG Collection & Research Association 


59 


latter. The end (57) of the elevating lever rises under the 
projection (58) on the carrier and presses it upwards. The 
interrupting tooth (59) is depressed, and wonld let the next 
cartridge by, but the cartridge head would be stopped by the 
toe (60) of the carrier. To load the magazine, depress 
the carrier with the bullet of the cartridge, and press the latter 
into the magazine; the interrupting tooth (59) will be depressed 
as the rim of the cartridge passes over it. When the magazine 
is full, place a 9th cartridge in the carrier; and jerk the bolt 
back to raise the carrier." The head of the rear cartridge in 
the magazine has now passed over the interrupting tooth and is 
pressing against the toe of the carrier. On closing the breech, 
the cartridge in the carrier is loaded into the chamber, and the 
bolt lever depresses the carrier, and raises the interrupting 
tooth, The cartridges in the magazine are pressed to the rear 
by the magazine spring, the rear cartridge enters the carrier, 
but the head of the next cartridge is stopped by the inter- 
rupting tooth (59). On opening the breech again the carrier 
is raised, and the operations repeat themselves as before. 
When it is desired to retain the magazine full, and use the 
rifle as a single loader, the button (49) of the carrier axis pin 
lever is pushed to the front. The stud (54) on the carrier axis 
pin then presses on the surface (61) of the depressor, and the 
latter turns on its pin (45) so that its arm (56) does not stand 
sufficiently above the carrier for the bolt lever to strike it. 
The corner (62) of the depressor then rests on the bottom plate 
and prevents the carrier from being depressed. 

The stock is in two pieces. The butt is fixed to the body by Stock and 
& screw passing up through the rear end of the trigger Tigger guard. 
guard into the tang of the body, and by another passing 
through the tang into the butt. The trigger guard is of the 
usual pattern, its front end fitting into an undercut groove in 
the bottom plate, and being secured by a screw. The recoil 
of the barrel is communicated through the body, to the front 
end of butt. The fore-end is attached to the barrel by the 
nose-cap, and band. » It is prevented from sliding forward, by 
© hook (63), on the bottom of the magazine tube, engaging in 
a recess in the body. There is no handguard or cleaning rod. 
‘he butt plate is plain and is secured by two wood screws. 

The nose-cap is combined with a rather broad upper band, Nose-cap and 
and has on its front a circular projection, into which the bands. 
pommel of the bayonet fits. A short stud on the end of a spring, 
let into the right side of the fore-end, fits into a hole in the 
nose-cap and sécures it. The lower band is a plain steel band, 
on the bottom of which is a sling swivel. It is kept in position 
hy a spring, let into the fore-end. The other sling swivel is 
pivoted to a plate, which is attached to the bottom of the butt 
hy two screws. 

'wo cleaning rods, one with a steel loop, the other with a 

: iwistle brush, are used in barracks for cleaning and greasing . 
rospectively ; in the field a pull-through is used. 
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The long bayonet is +-shaped in cross section. The cross 
piece fits over the muzzle of the barrel, the end of the pommel 
fitting into the recess in front of the nose-cap, and the spring 
catch in the hilt engaging behind the long projection under the 
barrel, and preventing the hayonet from sliding forward.. 

For weights and dimensions, see Table IV, Appendix. 


FRANCE. 
Carbine. 8mm. ‘815-inch, Pattern 1890. 


This carbine is of a different type to the Lebel rifle. It fires 
the same cartridge, but the magazine, instead of being in the 
fore-end, is a box magazine, with an epening in the bottom, of 
the Mannlicher type, and is loaded by a clip containing 3 car- 
tridges. The bolt is somewhat similar to that of the Lebel, 
and has a revolving bolt-head which carries the locking lugs. 
The bolt lever is bent down to enable the carbine to be easily 
carried in a bucket. The stock is in one piece; it extends 
downwards in front of the trigger guard so as to cover the 
magazine. The barrel is held down in the fore-end by an upper 
and lower band. There is no handguard. 


GERMANY. 
Mauser. 79 mm. °311-inch, Pattern 1898. 


See Mauser rifles, page 42. 


GREAT BRITAIN, 
Rifle Charger Loading, M.L.E.,7°7 mm. *303-inch, Pattern 1907. 
See Table VII, Appendix. 


The Lee-Metford Mark I rifle was the first magazine rifle 
adopted for the British service ; this was converted to Mark I*, 
the pattern of which was approved 19th January, 1892. It 
was followed by the Lee-Metford, Mark II, approved 30th April, 
1892. The Lee-Metford, Mark II*, was next approved on 
22nd April, 1895; it differs from the Mark II in having a 
safety catch added to the bolt. The Lee-Enfield, Mark I, 
approved ilth November, 1895, followed the Lee-Metford, 
Mark II*, and differs from it only in having Enfield rifling in 
place of Metford, and in the lateral position of the foresight. 
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The rifles charger loading about to be described are of two 
patterns, converted from (a) rifles M.L.M., Mark II*, and 
(b) vifles M.L.E., Mark J, and Mark I*, See Table VII, 
Appendix. 

The rifle charger loading M.L.E. will be described, and the 
differences in the rifle charger loading M.L.M. afterwards 
pointed out. 

The barrel, which screws into the body, is strongly reinforced Barrel. 
at the breech end, which is formed with a flat on its upper 
surface known as the “Knox form.” This flat ensures the 
correct breeching up of barrel to body necessary to bring 
the sights vertical. The foresight block, with a long slope to 
the rear, is brazed on; the backsight bed is soldered on and 
secured by a screw. 

The foresight is a blade fitted into the block and laterally Sights. 
adjustable. It is provided with a protector fixed by a screw 
passing through the block. 

The backsight bed (1) has a ramp (2) on either side, sloping 
upwards to the front just clear of the inside edges of the 
opening in the backsight leaf. The backsight leaf is hinged to 
the rear of the bed. Elevations for 200, 300, 400, and 500 
yards are obtained with the leaf down; the position of the slide 
tor these distances being marked on the left side of the bed. 
The leaf is graduated on alternate sides for ranges from 500 to 
1,800 yards, to be obtained with the leaf up, the even numbers 
on the left, the intermediate 50 yards’ graduation being 
indicated by short lines. The slide, which is provided with an 
adjustable wind-gavge having an adjusting screw on the left 
and a clamping nut on the right, has two U notches, for the 
horizontal and vertical position of the leaf, and platinum centre 
lines. The underside of the slide bears on the ramps of the 
bed when the leaf is down. Elevations from 1,600 to 2,800 
yards are given by means of special long range sights; these 
consist of an aperture sight (3) attached to the left side of the 
body, and a dial sight (4) with pointer (5) attached to the left 
side of the fore-end. The aperture sight is a bar, terminating 
at the upper end in a flat button through which a peep-hole 
(6) is bored. It pivots on a screw (7) and is held in a raised 
or lowered position by the aperture sight spring (8), the lower 
end of which is screwed to the body, whilst the upper end 
presses on the end of the sight bar; a small rib (9) on the 
inner surface of the spring engages in one or other of the 
cross cut notches (10) on the sight bar. The pointer (5) pivots 
on a projection (11) on the dial, and is held in position by 
means of a screw (12); the curved spring disc (13) is placed 
under the head of the screw to enable the pointer to be held 
securely, and at the same time allow it to be moved easily. 
At the end of the pointer is a sharp edged bead (14). The 
dial sight fits in a recess in the stock, and is held in position 
by a screw passing through the fore-end into the pro- 
jection (15). The pin (16) prevents the dial sight from 
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turning in its seating. To use the long range sights the 
point (17) of the pointer is set to the required graduation 
line ; the aperture sight is raised and aim is taken through the 
peep-hole over the edge of the bead at the object. 

The sides of the body immediately in rear of the barrel 
seating broaden out underneath for the magazine, the usual 
opening being provided for inserting the cartridges into the 
magazine ; the sides of the body do not form a complete circle 
over the rear end of the boltway, the body being slotted out to 
afford passage for the rib of the bolt (18) and for the extractor 
seating (19) of the bolt-head. Below the rear end of the bolt- 
way is a groove for the lug (20) on the bolt, and for the tongue 
(21) of the cocking piece. From the front end of this groove 
a recess (22) is cut in the left side of the body for the lug on 
the bolt. On the right side of the body is a rib (23) ; the rear 
end of this rib is cut away, and*the head of the retaining 
catch (24) forms a continuation of it. Above the end of the 
rib is the resistance shoulder (25) for the rib on the bolt, 
Below the rib in the body and parallel with it is a slot (26) 
for the cut-off. At the end of the body, and forming part of 
it, a socket (27) projects downwards; into it the butt fits, 
and in the centre of it is a hollow threaded boss (28) for 
the stock bolt (29). Against the front face of this socket 
the rear face of the fore-end bears. Just in rear of the barrel 
seating, a gas escape hole (30) is cut through the left side of 
the body. A charger guide in the form of a bridge is riveted 
to the left and right side of the body in front of the resistance 
shoulder. 

The bolt (31) is cylindrical, and has a bent Jever (32) near 
its rear end, terminating in a round knob. A solid rib (18) 
is formed on the right side. On the opposite side to the rib is 
a solid lug (20) ; this lug and rib support the bolt on firing. The 
back ends of the lug and rib are cut on ascrew pitch, 14 threads 
to the inch, corresponding to the slope of the resisting shoulder 
(25) and the rear face of the lug seating (33) against which 
they bear. Underneath the rear end of the bolt is a recess 
formed by a long groove (34), and ashort groove (35), connected 
together in front by a cam-shaped face (36) and separated by 
the studs (37) and (38). 

The bolt-head (39) has a tenon (40) which screws into the 
front of the bolt; the screw isright handed. A solid projection 
(41) on the bolt-head has a slot (42) cut in it for the extractor 
(43), which pivots on a screw (44), and is pressed down by a 
V-shaped spring (45), let into the slot above it; a small pin 
(46) on the end of this spring engages in a hole (47) in the 
top of the slot and is thus held in place. The extractor 
terminates in a claw which projects beyond the face of the 
bolt-head. A gas escape hole is provided in the left side of 
the bolt-head. The hook (48) on the right side of the solid 
projection engages the rib (23) on the body and prevents the 
bolt-head from turning. 
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The mainspring is of coiled wire, set to a length of The main- 
34 inches. Bpring- 

The striker (49) passes through the bolt, the rear end Striker. 
screwing into the cocking piece (50). It bas a collar (51) 
against which the front of the mainspring bears. 

The cocking piece (50) has a long tongue (21) projecting to The cocking 
the front and lying against the underside of the bolt; the front pies 
end of this tongue is the full bent (51), and the groove (52) 
across it forms the half bent. A stud (53) on the upper side 
of the tongue works in the two grooves (34) (35) in the under- 
side of the bolt. The rear end of the cocking piece is cylindrical, 
and is bored out to fit over the rear end of the bolt. At right 
angles to this cylindrical portion a hole (54) is bored for the 
stem of the safety catch (55). The head of the screw (56) in 
the end of the cocking piece enters a recess (57) in the end of 
the striker, and prevents the latter from turning. The rear 
end of the cylindrical portion has a milled projecting rim to 
facilitate cocking the rifle. 

The safety catch is provided with a stem (55) which fits into Safety catch. 
the hole (54) in the cocking piece. This stem has a groove 
(58) cut in one side. When the finger piece (59) of the safety 
catch is raised, the stem (55) locks into one of the grooves (60) 
in the rear end of the bolt, and thus prevents the cocking 
piece and striker from moving whether in the cocked or fired 
positions, but when the finger piece is tarned down the groove 
(58) in the stem allows the cocking piece to pass over the end 
of the bolt. The finger piece is roughed above and below to 
afford a firm grip. The safety catch is held in the safety and 
firing positions by a small plunger (61) actuated by a spiral 
spring, both of which fit into the projection (62) on the 
cocking piece. A nipple on the end of this plunger engages in 
one or other of the two holes (63) in the safety catch according 
to its position. 

The retaining catch (64) is a flat spring secured by a screw Retaining 
to the right side of the body. The spring stands out slightly catch. 
from the body, and has a projecting edge which forms a con- 
tinuation of the rib (23) on the body. To remove the bolt, it 
must be drawn back as far as possible, and the bolt-head 
pressed upwards to, force the hook (48) over the edge of 
the spring; the projection on the bolt-head can then be turned 
upright, and in this position will pass through the slot between 
the sides of the body. 

The ejector (65) is a small screw in the left side of the body. Ejector. 
Its end projects into the boltway, and, on drawing back the 
bolt, catches the back edge of the cartridge case, swinging it 
round to the right clear of the rifle. 

The sear (66), in the form of a bell crank lever, is pivoted Sear. 
underneath the body on the screw (67) that holds the 
retaining catch. It works in a groove in the projection (68), 
and is actuated by a U-shaped spring (69) which also works the 
magazine catch. The long arm of the sear projects through a 
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slot in the body into the groove for the cocking piece. A short 
arm projects downwards, and is connected with the trigger by 
a knuckle joint. 

Trigger. The trigger (70) works in a slot in the trigger guard, and is | 

pivoted on the pin (71); it is connected with the sear as 
; described above. 

Magazine. The magazine contains 10 cartridges in two columns. Itcon- 
sists of a detachable sheet-steel box (72) with two flutings on 
either side, which serve as guides to the projections (73), (74), 
on the platform. It is provided witha magazine stop clip (75), 
which is pivoted to the stud (76) on the right side of the 
magazine. When the clip is vertical the top edge, which is 
bent inwards, keeps the bullet of the top cartridge in the right- 
hand column in position; it also keeps the platform (77) in 
the magazine when the latter is empty. When the clip is 
swung to the front, the platform and spring can be taken 
out for cleaning, the magazine having first been withdrawn 
from the body. A small projection (78) on the magazine 
casing prevents the clip being turned too far back. On 
the back of the magazine is a rib, in which is cut a tooth (79) 
which, when the magazine is pressed up through the opening 
in the trigger guard, against the underside of the body, 
engages with the tooth (80) of the magazine catch (81). This 
catch is pivoted on a pin to the projection (68) under the 
body and is pressed forward by the sear spring (69). To take 
the magazine out of the rifle, the end (82) of the catch must be 
pressed backwards and upwards. 

Magazine The magazine platform (77) is formed of sheet steel; the 

platform. left side is higher than the right, in order to raise the left 
column of cartridges, so that the centres of the cartridges in 
one column are opposite to the edges of the cartridges in the 
other column. The right rear corner (74) is turned upwards 
to act as a guide. Underneath is brazed a plate (83), from 
three corners of which small tongues (73) project downwards 
to act as guides. Two tongues (84) on each side are turned 
inwards to secure the magazine spring (85) which is of ribbon 
steel bent into a zig-zag form. The magazine platform auxiliary 
spring (86) is hooked on to the front end of the magazine, and 
serves to keep the front end of the platform at the proper angle 
when the magazine is full of cartridges, and also to protect 
the front of the magazine from being indented by the points of 
the bullets. 

Cut-off, The cut-off (87) is pivoted to a vertical screw in the projec- 
tion (88) on the right side of the body. It works in a slot 
parallel to and below the rib for the bolt-head hook. It is pro- 
vided with a thumb piece (89) for drawing it inand ont. It is 
spring tempered and set so as to press upw ard. Thesmall pro-_ 
jecting flat (90) on it acts as a catch against the side of the 
body, and holds the cut-off open or closed ; inthe latter position 
it keeps down the cartridges in the magazine out of the path of 
the bolt, and serves as a platform for single loading. Whenthe — 
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cut-off is pulled out, the top cartridge in the magazine bears 
against the under face of the body, with its rim projecting into 
the boltway. The bolt, in advancing, forces it into the 


chamber, and the top cartridge of the other column rises into 
position for loading next time. When the magazine is empty, 
it is loaded by inserting a charger in the charger guide 
and pressing down the cartridges with the thumb, five at a 
time. 

The guard (91) is attached to the body by a screw (92) Guard. 
passing up through a collar (93) let into the fore-end, and by 
a small transverse screw (94) passing through ears on the 
bottom of the socket of the body. 

The stock is-in two pieces. he fore-end is held to the Stock. 
barrel by a lower band (95), which earries a sling swivel (96), 
and by the nose-cap (97), a band (98) forming part of which 
passes over the barrel. he nose-cap is secured to the fore-end by 
a transverse screw (99). A sword bar is formed in front, which 
fits into the pommel of the sword bayonet. Underneath the 
nose-cap the piling swivel (100) is pivoted on a screw. A 
diagonal slot (101) is cut through the front end of the nose-cap 
to afford a passage for the foresight block. 

The butt, which has a pistol grip, has its front end compressed Butt. 
and forced into the socket of the body. It is secured by the 
stock bolt (29) the front end of which is squared and, passing 
through the front face of the socket, fits into a square 
recess in a keeper plate (102) let into the fore-end. The. 
stock bolt is thus prevented from turning until the fore- 
end is removed. The butt plate is of yellow metal, the heel’ 
being turned over, forming a tongue, in the top of the butt. It 
has a hole in it, closed by a trap operated by a spring, and is 
secured to the butt by three screws. The butt swivel (103) is 
screwed into the underside of the butt. 

Butts 3 inch shorter and } inch longer than the normal are 
issued as required. 

On raising the bolt lever, the cocking piece is prevented Action of the 
from turning with the bolt, owing to the tongue (21) bolt 3 
working in the groove in the body. The bolt-head is also pre- mechanism, 
vented from turning by the hook (48), which engages the rib 
(23) on the body; as the bolt lever rises, the cam-shaped face 
(36) on the underside of the bolt forces back the stud (53) on 
the tongue of the cocking piece. This draws the end of 
the striker clear of the face of the bolt-head, and partly com- 
presses the mainspring. As the bolt lever is turned up, the 
front sloping face of the bolt lug (20), working against the. 
front face of the recess (22) in the body, causes the whole bolt. 
to move to the rear, drawing back the fired case with it, and 
thereby effecting primary extraction, When the bolt has been. 
turned round as far ag it will go, that is until the rib (18) 
touches the left side of the body, the rib is opposite the gap 
between the sides of the body and the lug (20) is in the groove 
lor the cocking piece; the bolt is then free to be drawn back, 
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until the projection on the bolt-head strikes against the resisting 
shoulder (25). The stud (53) on the cocking piece has then 
fallen into a recess in the front end of the short groove (35) 
of the bolt, and the cocking piece is retained in the position for 
entering the cocking-piece groove. On pushing forward the 
bolt, the full bent of the cocking piece engages the end of the 
sear, and the mainspring is further compressed, the stud 
(53) on the cocking piece passing the stud (37) in the bolt. On 
turning down the bolt lever, the bolt is forced forward by the 
sloping faces on the rear of the lug (20) and rib (18). This 
completes the compression of the mainspring. The stud (53) 
is now in the long groove in the bolt, and, on pressing the 
trigger, the sear is depressed and disengaged from the cocking 
piece which flies forward, and the striker fires the cartridge. 
If the bolt is not completely closed when the trigger is pressed, 
the stud (53) on the cocking piece either causes the bolt to 
close automatically by striking against the rounded corner of 
the stud (37) between the grooves in the bolt, and thus causing 
the bolt to turn down, or else the stud (53) strikes full against 
the stud (87) and prevents the striker flying forward. Tf 
then the bolt is closed by hand the sear engages in the half 
bent (52) and the action is locked owing to the two studs 
(53, 37) being side by side, thus preventing the rotation of 
the bolt. 

The charger is of steel, oii-blacked. Holes are punched in 
the sides and back for lightness. The sides extend some 
distance along the cartridges, to prevent the latter from getting 
out of line while being pressed into the magazine. Hach charger 
holds five cartridges. (See Plate LX.) 

In a hole in the butt in the rear of the stock bolt is carried 
a brass oil bottle (104) with a screw top, a leather wad 
being inserted between the oil bottle and stock bolt. On the 
top of the oil bottle is carried a cord pull-through for cleaning 
the rifle, its brass weight being carried in a small hole above 
the stock-bolt hole. 

The wooden handguard (105) is attached by two spring clips 
to the barrel. It extends from the face of the body to the 
backsight bed, and has its front corners rounded off to facilitate 
removal. 

The sword bayonet, pattern 1888, Mark III, is double-edged, 
the blade being 12 inches long. The pommel and crosspiece 
are browned. The grips are removable to facilitate re-browning, 
and are secured by two screws and nuts. The bayonet is 
attached to the sword bar of the nose-cap by the usual spring 
catch, the ring on the crosspiece fitting over the end of the 
barrel. 

The latest pattern scabbard for the above bayonet is pattern 
1963 of brown leather. The bottom is closed by a steel 
chape, which is fitted inside the end of the scabbard. The 
steel locket is browned, and has two flat springs inside, which 
bear against the blade of the bayonet, and prevent it from 
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falling out. The locket is covered with a leather band tightly 
sewn on and secured by a wire rivet. Forming part of this 
band is a leather loop, by which the scabbard is suspended 
from the waist belt. 

For weights and dimensions see Table IV, the Appendix. 


Short Lee-Lnfield, Mark III, 7:7 mm., ‘303-inch, Pattern 1907, 
See Tables V and VI, Appendix. 


The barrel, which screws into the body, is rather thinner, Barrel, 
and is 5 inches shorter than that of the Lee-[nfield rifle. It 
is strongly reinforced at the breech end, and is provided 
with a “Knox form,” as in the Charger loading rifle. The 
grooves of this rifle are of the same shape as the Enfield rifling, 
and increase in depth towards the muzzle. 

The foresight consists of a plate (1) dovetailed into the Sights. 
foresight block (2) at right angles to the axis of the barrel, 
so that it is capable of lateral adjustment. The foresight 
block is formed with a band (3) which fits the barrel ; it is 
kept in position by a key (4) and crosspin (5) ; it is set ‘015” 
left to counteract the lateral vibrations of the barrel set up on 
firing. The backsight bed encircles the barrel, to which 
it is attached by a crosspin (6) in the middle, being also 
supported by the sight spring screw. The leaf (7) which is 
made to turn over on to the handguard and rebound, is 
graduated on the top left side by lines representing every 
25 yards between 200 and 2,000 yards, and on the top right 
side by lines representing hundreds of yards. ‘The slide (8) may 
be set at any elevation, above or below the elevation at which it 
was last set, in multiples of 50 yards, by pressing the catch (9) 
on the left side and releasing a tine-adjustment worm wheel (10) 
engaged in screw thread notches on the right side of the leaf, 
thus enabling the slide to be moved quickly along the leaf. The 
worm wheel is pivoted in the right side of the catch, and may 
be rotated in either direction at right angles to the leaf, this 
movement providing fine adjustment for the slide. The 
periphery of the worm wheel is divided by 10 thumbnail 
notches, the distance between each notch representing 5 yards 
in range, 7.e., 5 notches 25 yards, or one division on the left side 
of the leaf, and one complete revolution 50 yards. 

A windgauge is fitted directly on the rear end of the leaf, 
and is held in position by the windgauge screw. A U-shaped 
notch is cut in the top edge and the face is roughened to pre- 
vent the reflection of light from it. Bright centre lines are 
marked on the face of the windgauge for aiming, and on the 
top as a centre line for use in conjunction with the windgauge 
scale on the leaf. The windgauge scale is marked in divisions 
representing 6 inches deviation on the target at 100 yards. 
Mach quarter-turn of the windgauge screw represents 1 inch 
deviation at 100 yards, and at each quarter-turn a friction 
spring engages in a nick inside the head of the screw, thus 
checking its rotation, 
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Between the ramps is a flat backsight spring which is 
dovetailed and screwed at its rear end to the bed; its front 
end presses upwards against the leaf in front of the joint, so 
that the slide (8) is always pressed down on to the ramps (11). 

The long range sights are identical with those described for 
the Charger loading rifle. 

The body is similar to that of the Charger loading rifle with the 
exception that a hole (12) is bored through the left side of the 
body, near the rear, for the safety catch (13), and below it 
another hole for the stem of the locking bolt (14) leads into the 
cocking-piece groove. 

The bolt (15) is similar to that of the rifle C.L.M.L.E., except 
that it is without the extension at the rear end, necessitated by 
having the safety catch on the cocking-piece. 

The bolt-head (16) is similar to that of the Charger loading 
rifle. 

The mainspring consists of coiled wire, set to a length of 
34 inches. 

The striker (17) passes through the bolt; its rear end screws 
into the cocking piece (18). 1t has a collar near its front end 
for the mainspring to bear against. In front of this collar is 
a small projection (19) which fits into the recess (20) in the 
rear end of the bolt-head tenon. 


The cocking piece (18) is similar to that of the rifle Charger 
loading M.L.K., with the exception that the projections for the 
safety catch are omitted, and also the hollow sleeve which is fitted 
over the rear end of the Charger loading M.L.E. bolt. The 
bolt is stripped (having first removed the striker keeper screw): 
by unscrewing the bolt-head, when a recess (20) in the latter 
engages a projection (19) on the striker and unscrews it at 
the same time. The two recesses (21) on the left side of the 
cocking piece are for the locking bolt to engage in. 


The locking bolt (22) is provided with a stem (14) which 
fits into a hole in the left of the body leading into the groove 
for the cocking piece. ‘The end of the stem is cut away at (23), 
so that when the roughened thumb piece (24) is in the forward 
position, the cocking piece passes over the end of the stem, 
where it is cut away, but when the thumb piece is drawn to 
the rear, the solid portion of the end of the stem engages 1p 
the back or front recess (21) of the cocking piece, according 
to whether the latter is in the fired or cocked position, and 
locks it sceurely. When the end of the stem (23) engages in 
the front recess (21) it draws the cocking piece back slightly. 
The aperture sight fits on to the stem (25), and the head of 
the aperture sight spring, which is similar to that of the 
Charger loading rifle, keeps all the parts in position. ‘The small 
hole (26), on the inner face of the locking bolt, has two stop- 
pins provided for it on the exterior of the body, on to one or 
other of which it drops, according to the position of the locking, 
bolt. 
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The locking bolt safety catch (13) is formed with a stem Locking bolt 
(27) which fits in the hole (12) in the left side of the body. *#fety cateh. 
At right angles to the outer end of this stem is a flat arm 
(28), the bottom of which works on the threads (29) on 
the locking bolt. When the thumb piece (24) is in the 
forward position, the end of the stem (23) is inside the hole 
(30) in the body, but when the thumb piece is turned over 
to the rear, the threads (29), acting on the end of the 
arm (28), force the safety catch inwards, and the end of the 
stem (27) enters the short groove (31) in the rear end of the 
bolt, and prevents the latter from being rotated and drawn back. 

The retaining catch is a flat spring similar in all respects to Retaining 
that described for the Charger loading rifle. catch. 

The ejector is identical with that described for the Charger Ejector. 
leading rifle. Z 

The sear (82) is pivoted ina groove in the projection (33) Sear. 
beneath the body on the same screw that fixes the retaining 
catch. It is pressed to the rear and upwards by the U-shaped 
spring (84) which also actuates the magazine catch (35). The 
long arm of the sear passes through an opening in the body 
into the groove for the cocking piece, and engages with the 
full bent (36) of the latter when the bolt is pushed forward. 

The short arm (37) projects downwards, and is pressed forward 
by the ribs (88, 39) on the trigger when the rifle is fired. 

The trigger (40) is pivoted on the pin (41) which passes Trigger. 
through the trigger guard. ‘he upper part, of the trigger is 
formed with two ribs (88) and (39), the former being nearest 
the pivot. On pressing the trigger, the rib (38) first comes 
in contact with the sear, and forces the latter to revolve on 
its axis until the end of the long arm of the sear comes close 
to the edge of the bent (86) on the cocking piece. The pull on 
the trigger during this movement has been light, as the rib (38) 
is close to the pivot, and great leverage is obtained. The 
rib (39) then acts on the sear, and a greater pressure on the 
trigger is necessary, on account of the rib being further 
from the pivot ; its motion, however, is more rapid, so that the 
end of the sear is drawn smartly off the bent of the cocking 
piece. This principle of a double pull-off is used with all 
Continental rifles. 

The action of the bolt mechanism is exactly the same as Action of 
that described for the Charger loading rifle. the bolt 

mechanism. 

The magazine is the same as that for the Charger loading rifle. Magazine. 

The trigger guard (42) is similar to that of the Charger Guard. 
loading rifle with the exception of the addition of swivel lugs 
in front of the magazine. 

The fore-end and butt are similar to those described for the Stock and 
Charger loading rifle. The fore-end (43) is a close fit on the handguard. 
body and the barrel up to the packsight ; from the backsight to 
the muzzle, the barrel groove is opened out, the muzzle being 
free in the groove. 
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The barrel groove is deepened so as not to touch the bottom 
of the barrel from the reinforce to within } inch of the lower 
band; from the lower band the bottom of the barrel groove 
is flush with the barrel hole in the nose-cap. Behind the 
nose-cap the fore-end is recessed at the bottom of the barre} 
groove to receive a stud and spring (44). 

A backsight protector (45) of steel, oil blacked, is let into 
the fore-end, and secured by a vertical screw with nut. It is 
provided with two upstanding ears, roughened on top so as not 
to reflect the light. These ears protect the backsight from 
injury when the rifle is let fall, and from contact with the 
bucket when carried by cavalry. 

The handguard (46) extends the full length of the barrel. 
It is divided into two parts by a sawcut opposite the back- 
sight bed. The handguard spring (47) is riveted on with two 
rivets, and clips on to the barrel near the breech end. The 
front end of the handguard is strengthened by a sheet steel cap, 
secured by two screws, and fits under a recess in the nose-cap. 
A groove (48) is cut for the jointed lower band (49), a slot being 
formed to give clearance for the hinge. The handguard does 
not touch the barrel, as the barrel groove is of greater diameter 
than the barrel. The nose-cap (50) is much larger than that of 
the Charger loading rifle. It is provided with high wings (51) 
roughened on top, to protect the foresight. Underneath is a 
sword: bar (52) for the attachment of the pommel of the 
bayonet, and in front is a boss (53) on to which the ring of the 
sword bayonet crosspiece fits. . The sword bayonet is thus fixed 
underneath the rifle to the nose-cap only, and does not touch the 
barrel. At the rear end is a swivel seating (54) in which the 
piling swivel (55) is fixed. The barrel hole (56) in the nose-cap 
has a groove cut in the top, against the corners of which the 
barrel is pressed by the fore-end stud and spring. An inner band 
(57) is permanently carried on the barrel ; it is grooved out so 
as to touch the barrel in two places. This band is fixed 
in the barrel groove of the fore-end in rear of the lower 
band, by means of the screw (58), the head of which bears 
against a strong spiral spring (59)« The inner band draws the 
barrel down on to that portion of the barrel groove in the 
fore-end that is not eased away. 

The butt is provided with a shorter stock bolt than that of 
the Charger loading rifle. The butt plate is of brass with a 
trap for the insertion of the oil bottle and pull-through. A 
brass marking disc is fixed with a serew to the right side. A 
sling swivel (60) is fitted (screwed) to the underside of the 
butt. The butt has four longitudinal holes drilled in it for 
lightness, besides the stock bolt hole. The front end is com- 
pressed, as in the Charger loading rifle. Butts 4 inch shorter 
and } inch longer than the normal are issued as required. 

The sword bayonet Pattern 1907 is 5 inches longer than the 
Pattern 1888. It is single edged and has a fuller (or lighten- 
ing groove) on both sides. A hook-shaped guard is formed on 
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The scabbard is made of a shape and length suitable for the Scabbard. 
blade of the sword bayonet. A stud is fitted and brazed 
on to the locket for fastening the scabbard.in the web frog 
which is hung on the waist-belt. 

For weights and dimensions see Table IV, Appendix. 


CANADA. 
Ross Rifle, Mark IT, *303-inch, 1907. 


A description of this rifle will be found in Appendix IL., 
page 259. 


GREECE. 


Mannlicher-Schoenauer, 65 mm., '256-inch, Paltern 1903. 
See page 77. 


HOLLAND. " 


Mannlicher, 6°5 m.m., ‘256-inch, Pattern 1895. | 


—~- 


ROUMANIA. | 
Mannlicher, 6°5 m.m., °256-inch, Pattern 1898, _} 


These two Mannlicher rifles have not got straight pull bolts 
like the Austrian Mannlichers, but have the more usual rotating 
bolt, with locking lugs near the front end. Thetwo rifles are of 
very similar construction, with the exception of their ejectors, 
backsights and handguards. The Roumanian pattern is the 
handier, as it is 25 inches shorter and 144 oz. lighter. 

The barrel which is polished and browned on the outside Barrel: 
tapers from the reinforce to the muzzle. It screws into the 
body in the usual manner. 

The foresight block is brazed to the barrel, and the barley. Sights. 
corn, the tip of which is rounded off in the Roumanian rifle, is 
dovetailed into it at right angles to the axis of the barrel. The 
backsight bed is soldered and screwed to the barrel. In the 
Dutch pattern the bed A is broader than the barrel, and is 
similar in principle to that on the Austrian Mannlicher Pattern 
1888/90. The high sides (a a) form a protection for the leaf 
which is pivoted at (b) near the front end. On the right side 
of the leaf at (c) a bar (d) is pivoted by means of a screw. The 
bar (d) is pressed outwards by the spiral spring (e); the outer 
edge of the bar, which is bevelled off at an acute angle, fixes the 
sight at any required graduation, by entering into the grooves 
which radiate from the pivot (b), on the inner face of the right 
side of the bed. The elevation can be altered by grasping the 
rear end of the leaf with the finger and thumb, thus disengaging 
the edge of the bar from the grooves and permitting of the leaf 
being raised or lowered. There isone V which is cut in the cap 
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at the rear end of the leaf. The graduations from 400 to 2,000 . 


metres are marked on the top fave of the right side of the bed. 
Up to 1,000 metres each 100 is shown, between 1,000 and 2,000 
the even hundreds only are marked on the right side of the bed, 
the odd numbers being marked on the left. With the sight in 
the lowest position 200 metres elevation is obtained. See 
Fig. 9, page 108. 

In the Roumanian pattern the backsight B is similar to the 
Austrian Mannlicher Pattern 1895, but the leaf has a peculiar 
bar across it which coincides with the slide when it is at 1,200 
metres elevation. It completely obstructs the aim when the 
slide is fixed at 1,100 metres. ‘The fixed sight with leaf down 
is for 500 metres. Elevations from 600 to 1,900 metres are 
marked on the leaf, the even hundreds on the left; 2,000 metres 
elevation is obtained by aiming over the top of the leaf. 

The body screws on to the barrel in the usual manner. On 
either side of the boliway is a longitudinal groove (1, 1) for 
the lugs on either side of the front end of the bolt. At the 
front end of these grooves are cam-shaped grooves (2, 2) which 
lead to the recesses (3, 3) above and below the boltway. On 
firing, the lugs resist the backward pressure of the cartridge 
case by taking a bearing against the rear face of the recesses 
(3, 3). The groove (1) on the right is partly cut away to 
facilitate loading the magazine and to pcrmit of ejection of the 
fired cartridge. Behind the recesses (3, 3) the bottom of the body 
is cut away for the magazine. Behind the magazine way the 
body does not form a complete cylinder, but is cut away at the 
top to permit of the passage of the bolt lever (8). The rear 
part of the body forms a tang in which a groove is cut for the 
stud (27) of the cocking piece. Near the front end of this 
groove is an opening through which the bent of the sear (45) 
projects. At the front end of the magazine way is a projection 
(4), the rear face of which is grooved to form a guide for the 
bullets of the cartridges as they rise in the magazine, it also 
serves to keep the trigger guard at the correct distance from 
the body, Underneath the front part of the body is a boss (5) 
which fits in a recess in the stock and transfers the shock of 
recoil from the barrel and body to the stock. It also takes the 
front guard screw. In the Rouwanian rifle there is a narrow 
slot (7) just in rear of the magazine way for the ejector to 
work in. 

The bolt can be stripped and assembled without the use of 
tools. Atthe front end are two lugs on opposite sides cf the bolt. 
The bolt lever (8) projects at right angles to the bolt, about 
one-third of its length from the rear, and terminates in a knob. 
It turns down into the opening cut away on the right side of 
the body. C represents the Dutch, and D the Roumanian bolt ; 
the former has a strengthening rib (9) in line with the lever. 
Both bolts have a vam-shaped recess (10) at the rear end, into 
which the tooth (28) of the cocking piece, H, enters on firing. 
On turning up the bolt lever to draw back the bolt, the tooth of 
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the cocking piece rests in the shallow groove (11). A seg- 
mental recess (12) on the rear end of the bolt receives the end 
of the safety bolt; it is larger in the Roumanian than in the 
Dutch pattern. A small hole (13) is provided for the escape of 
any gas that may enter the bolt, on account of a defective 
cartridge or cap. The groove (14) in the Roumanian bolt 
provides a clearance for the ejector used in that arm. The 
bolt is bored out from the front for the striker and mainspring, 
the former of which passes out through a hole in the rear end 
of the bolt. 

The bolt-heads C, and D,, for the above bolts, are provided Bolt-head. 
with tenons which fit into the front ends of the bolts. The studs 
(15) work in circular grooves on the inside of the bolts. The 
bolt-heads can only be withdrawn when the studs are turned, 
so that they are opposite clearances provided for them. The 
tenons are slotted at (16) for the flats on the front of the 
strikers. The extractor (K) fits into a groove (17) in the side 
of the bolt-head. In the Dutch pattern, C,, a stud (35) on the 
ejector, L, fits into an undercut gruove (18). In the Roumanian 
pattern, D,, a projection (20) occupies the position of the 
ejector in the Datch model. This projection (20) and the 
ejector lL work in the left hand groove (1) in the body and 
prevent the bolt-head from rotating. 

The slot (21) in the bolt-head D,, allows the point (38) of 
the ejector M to get behind the bise of the cartridge. 

The mainspring E consists of 26 coils of 056 wire. The rear Mainspring. 
end bears against a seating in the bolt cylinder. 

The striker, F, passes through the mainspring, bolt, and Striker. 
cocking piece, and screws into the nut G. The front end of the 
mainspring bears against the collar (22). The flat (23) works 
in the slot (16) in the bolt-head and prevents the cocking piece 
from turning when the stud (27) is clear of the groove in the 
tang, the bolt being drawn to the rear. 

The cocking piece, H, fits on to the striker and butts up Cocking 
against the shoulder (25) on it. It is prevented from turning piece. 
by the end of the screw (26) bearing on the flat (24) on the 
striker. The stud (27) travels in the groove in the tang of the 
body and engages with the bent of the sear (45). The action of 
the tooth (28) will be described under the heading “ Action of 
the Bolt Mechanism.” ‘The rib (29) is bored out from the rear 
for the stem of the safety bolt. 

The stem of the safety bolt, I, fits in its seating in the rib Safety bolt. 
(29) of the cocking piece. 1t is operated by means of the 
finger piece (30). A small spiral spring, J, fits over the stem 
and keeps the safety bolt pressed to the rear. When the 
striker is cocked, and the finger piece is pointing to the left, the 
stem of the safety bolt is able to move forward over the bolt, as 
the half that is cut away (31) is underneath, next to the bolt. 
When the finger piece is turned over to the right, the small 
cam (32) on the end of the safety bolt engages the front of 
the recess (12) in the bolt ard forces safety bolt and cocking 
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piece back, disengaging the stud on the latter from the sear 
bent. The safety bolt and cocking piece cannot now move 
forward when the trigger is pressed, as the end of the former is 
engaged in the recess (12). In the Roumanian pattern the 
finger piece can be turned over to the right, and the bolt locked, 
when the cocking piece is in the fired position. The end of the 
stem of the safety bolt then engages in the recess (12a), a 
clearance (33) being provided in the stem for the division 
between the recesses (12, and 12a). In the Dutch pattern the 
bolt cannot be locked in the fired position. 

The extractor, K, fits in the groove (17) in the bolt-head. 
The shoulder (34) fits against a corresponding shoulder in the 
bolt-head, and takes the strain during extraction. The front 
terminates in the usual claw. 

In the Dutch pattern the undercut stud (35) on the ejector, 
L, slides backwards and forwards in the undercut groove (18) in 
the bolt-head, its travel being limited by the screw (36) working 
in the groove (19). The back of the ejector strikes the retain- 
ing bolt when the bolt and bolt-head are drawn to the rear. 
The ejector slides forward, and the front of the stud (35) 
strikes the left rear of the cartridge, ejecting it to the right. 
The front edge of the stud is bevelled off at (37) to enable the 
base of the top cartridge to push back the ejector as it rises out 
of the magazine. In the Roumanian rifle the ejector, M, is 
pivoted on a pin (40) in the slot (7) in the body, with the 
tooth (38) to the front. The tail (39) works in the groove (14) 
in the bolt ; when it arrives at the front end of the groove it is 
depressed, and the tooth (38) being raised into the slot (21) in 
the bolt-head, strikes the base of the cartridge, and tilts it out of 
the rifle. 

The retaining bolt, N, is pivoted on a vertical pin (42) on 
the left side of the body near its rear end. The tooth (41) 
projects into the groove (1) in the body and arrests the back- 
ward movement of the left lug. In the Dutch rifle it is the 
ejector that strikes the tooth (41). The small spiral spring (43) 
keeps the tooth up to its work. ‘To take the bolt out, the tooth 
(41) may be withdrawn by pressing on the thumb piece on the 
rear end of the retaining bolt. 

The sear, O, is pivoted underneath the body on a pin (44) 
behind the magazine way. The bent (45) projects through 
a slot into the groove in the tang; it is pressed upwards by the 
spiral spring (46) which bears against a projection underneath 
the body. 

The trigger works in a fork in the rear end of the sear, and 
pivots on the pin (47). It has two ribs on its top end, which 
bear alternately against the underside of the body, giving the 
double pull-off as described for the Austrian Manolichers. 

On turning up the bolt lever the cocking piece is prevented 
from rotating by the stud (27) engaging in the groove in the 
tang, but it is forced back by the action of the cam face of the 
recess (10) working against the tooth (28), which then enters 
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the groove (11). This draws back the striker and partly com- 
presses the mainspring. Thesear bent is depressed by the cocking 
piece stud as the latter passes back over it. While the bolt 
lever is being turned up, the lugs on the bolt travel along the 
cam-shaped grooves, leading from their seating (3, 3), and thus 
draw back the bolt and effect the primary extraction. The lugs 
on the bolt are now in the grooves (1,1), and the bolt lever 
(8) being opposite the opening between the sides of the body 
the bolt can be withdrawn. In the Dutch pattern the 
ejector strikes against the tooth of the retaining bolt and 
moves forward till stopped by the left lug on the bolt; this 
ejects the cartridge as before described and stops the backward 
motion of the bolt. In the Roumanian pattern the tooth of the 
ejector enters the slot (21) in the bolt-head and ejects the 
cartridge just before the bolt is stopped by the left lug striking 
the tooth of the retaining bolt. 

On pushing the bolt forward the bolt-head strikes the base 
of the top cartridge in the magazine and pushes the bullet up 
the slope at the front of the magazine into the chamber; the 
base of the cartridge slides up the face of the bolt-head as the 
cartridge aligns itself with the axis of the bore, and the hook 
of the extractor engages the rim of the cartridge. When the 
Ings on the bolt arrive at the end of the grooves (1, 1) the 
the cocking piece stud engages the sear bent, so that when the 
cartridge is forced home and the bolt locked, by turning down 
the bolt lever, the mainspring is finally compressed. If 
necessary the rifle may be full cocked by turning the bolt lever 
up and lowering it again. If the bolt lever is not fully closed 
when the trigger is pulled, the tooth (28) on the cocking piece 
strikes against the cam face of the recess (10) on the bolt, and 
closes it. ‘l'o strip the bolt, press the safety bolt forward until 
its rear end is clear of the recess (48) in the striker nat, 
unscrew the latter, aud the safety bolt and cocking ypiece can be 
removed. Then turn the bolt-head until the stud (15) is 
opposite its clearance and draw it out of the bolt; the striker 
and mainspring can tbén be removed. 

The front part of the trigger guard forms the magazine, Mazazine. 
The clip containing 5 cartridges with rims is inserted bodily 
into the magazine. At the rear end of the magazine a catch is 
pivoted on a screw (49) and is actuated by a spiral spring (50). 
The tooth (51) engages a projection on the back of the clip and 
holds it in the magazine until all the cartridges are used, when 
the clip falls out of the opening (52). ‘The back of the 
magazine and the ribs (52a) on each side of the magazine act 
as guides for the clip. The forward part of the bottom of the 
magazine is closed by a trough-shaped piece (53), secured in 
front by a screw (54). The elevator (55) is pivoted ona pin 
(56) in the front end of this trough, and is actuated by the flat 
spring (57), the rear end of which fits under projections (58) 
in the trough. In the Roumanian rifle there isa small platform 
(59) pivoted on the end of the elevator, and actuated by the 
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spiral spring (60). In the Dutch patiern the end of the 
elevator is rounded off, the platform being omitted. A full or 
partially emptied clip may be removed by pressing forward the 
boss (61) of the catch, thus drawing back the tooth and allowing 
the elevator to throw the cartridges and clip up out of the 
magazine. At either end of the trigger guard are countersunk 
holes for the heads of the screws which fix it to the body. 

The stock is in a single piece without pistol grip, but with 
thumb and finger grooves for the left hand. The upper band 
is secured by a screw passing through it and the fore-end. In 
the Roumauian pattern the sword bar for the bayonet is on the 
right of the upper band, and a short rod ending in a knob 
screws into a projection on the left, as in the Austrian rifle. In 
the Dutch pattern the upper band is partly enclosed in front to 
form a nose-cap; the sword bar is below the barrel and is bored 
out for the cleaning rod. In both rifles the lower band is 
secured by a spring let into the right side of the stock, a sling 
swivel being pivoted to a projection underneath the band. The 
other sling swivel is pivoted to a projection on a small plate 
screwed on to the underside of the stock. The butt plate is 
attached by two screws; in the Roumanian pattern it is thin 
and broad particularly at the toe. The wooden handguard 
extends from the body to the lower band, it is 5 inches longer 
in the Dutch pattern on account of the lower band being further 
forward. In both patterns the bandguards are held on by 
spring clips that grip the barrel, as in the Lee-Hnfield rifle. 
The magazine stock and body are joined together by two screws 
which pass through the ends of the trigger guard into bosses 
near the ends of the body. 

The half length cleaning rods are screwed and tapped at the 
ends so that two may be joined together. In the Dutch pattern 
one end is provided with a rag slot. The ends of the rods 
screw into a nut let into the stock at the end of the rod groove. 

In the Dutch pattern the sword bayonet is fixed below the 
barrel. The blade is double edged and is diamond shaped in 
cross section. The wooden grips are attached by means of 
rivets and washers. The steel scabbard is provided with a loop 
near the mouth-piece for attaching it to the equipment. All 
the steel work of the bayonet and scabbard is browned. In the 
Roumanian pattern the bayonet, which fixes on the right side of 
the barrel, has a broad back, but is double edged near the point. 
Near the back of the blade is a broad flat-bottomed groove or fuller. 
The wooden grips are attached by rivets and washers. The steel 
work of the bayonet is left bright. The steel scabbard is browned 
and is provided with a hook for attaching it to the equipment. 

The clips for both rifles are very similar (see Plates LAIV and 
LXV). They are made of tinned sheet steel and hold 5 rim 
cartridges. At the back in the centre is a projection by 
means of which the clip is held in the magazine by the tooth 
(51) of the catch, The clips can be inserted either end up. 

For weights and dimensions, sce Table IV, Appendix. 
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CarBINEs. 


TTolland : Mannlicher, 6°5 mm., °256-inch, Pattern 1897. 
Rouwmania : as 3 “a ss 1893. 


The Dutch carbine is very similar to the rifle used by the 
same power, but is shorter. 

The backsight has a bar on each side of the leaf, similar to 
the bar (d) on the right side of the leaf in the rifle. It is 
graduated from 400 to 2,000 metres, even hundreds on the 
right. The fore-end extends about haif-way between the body 
and the muzzle. There is no nose-cap. The band, which is 
just in front of the backsight, carries a Dee for the sling on its 
left side. ‘The other sling swivel is attached to a plate which 
is screwed to the left side of the butt. The left side of the 
magazine, and part of the opening in the trigger guard for the 
forefinger, are covered by a piece of wood extending downwards 
from the stock to protect them. No cleaning rod is carried on 
this carbine. 

The Roumanian carbine is similar to the rifle, pattern 1893, 
but is shorter. 

The backsight leaf is graduated from 600 to 1,800 metres. 
At the rear end, at right angles to the leaf, is a projection in 
which the fixed sight notch tor 500 metres is cut. The slide is 
a plain one which depends upon friction to keep it at any 
required elevation. The upper band is. not provided with a 
bar for the sword bayonet. The lower band has a Dee on the 
left side for the sling. The other end of the sling is attached 
to the butt swivel, the stem of which passes through the butt 
and is screwed into a nut on the right side. The bolt lever 
is turned down for convenience in carrying the carbine in a 
bucket. 


GREECE. 


Mannlicher-Schoenauer, 65 mm., °256-inch, Pattern 1908, 
Manufactured 1906, Steyr. 


This rifle differs from the Roumanian Mannlicher rifle 
described above, in the following particulars :-— 

The outside of the barrel is a straight taper from the muzzle Barrel. 
to 3'15 inches from the front of the body, where the diameter 
increases from ‘7 inch to ‘785 inch, forming a shoulder 
against which the sleeved backsight bed is butted and fixed by 
soldering, a pin passing through the rear top end of the 
bed and the barrel. 

A block band foresight is sleeved on the muzzle end of the Foresight. 
barrel, a large adjustable barleycorn foresight being dovetailed 
into the block at right angles to the axis of the barrel. 
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Backsight. The sleeved backsight bed is ent away in the centre on tho 
underside, forming bands at the front and rear ends. Ramps 
are formed on the sides and the centre of the bed, at the top, 
is cut away for the leaf which is pivoted by a screw at the 
front. The sight spring is tucked into a recess at the rear of 
the leaf slot, and held in position by the leaf. The outside of 
the left ramp is marked in even hundreds from 400 to 2,000. 

The sight leaf (similar to that of the rifle, short M.L.K., 
Mark IJ, but without windgauge or fine adjustment) has a rack 
cut on the right side for positioning the slide, and is marked 
in even hundreds from 200 to 2,000 on the top. The sight slide 
is fitted with a catch, operated by a spring which is compressed 
by pressure of the thumb on the head of the catch, on the left 
side of the slide which liberates the catch from the rack of the 
leaf. 

Body. At the rear end of the opening at the top of the body 
charger guides are formed, the front of these guide-grooves being 
sloped up to effect ejection of the empty charger when the bolt 
is closed. The underside of the body is continued downwards 
and shaped to form the top part of the magazine. 

Magazine. A rectangular box forming the bottom part of the magazine 
is fitted into the bottom of the body, and held in positien by a 
bottom fixing plate, pivoted in the centre at the bottom of the 
box; each end of this plate, when revolved, enters radial 
locking grooves, cut in the front and rear of the downward 
extensions of the bottom of the body, which forms the top part 
of the magazine. The magazine bottom fixing plate is retained 
in position by a spring which enters a recess in the plate. 

In the rectangular box, forming the bottom part of the 
magazine, a rotary platform is fitted. The platform is bored to 
receive front and rear axis studs attached toa spiral spring. 
The axis studs are grooved to receive, and prevented from 
turning by, two retaining pins, fitted in the axis hole of the 
platform. The platform is provided externally with 5 grooves 
to receive the cartridges. 

As the cartridges are charged the magazine platform is 
rotated and the spiral spring coiled, its tension being thereby 
increased (a certain amount of tension is on the spring 
when assembled with studs to the platform). By the expansion 
of the spring the platform is rotated, and the cartridges forced 
up to a cartridge stop projecting into the boltway. The thumb- 
piece of the cartridge stop projects through a slot cut in the 
top on the right side of the body where it is pivoted. When 
charging the magazine the cartridge stop is depressed by the 
cartridges. If it is desired to remove the cartridges from 
the magazine the cartridge stop is depressed by pressure on the 
thumb-piece, when the cartridges are ejected out of the magazine, 

Bolt. The bolt is arranged for a safety catch of the Roumanian 
pattern, and an ejector of the Dutch pattern. It has, also, a 
projecting cocking piece stop stud in front of the cocking cam, 
which prevents the cocking piece being overturned to the right 
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when in the cocked position for insertion in the rifle. The knob 


of the handle is larger, and is bored out for lightness, the rib 
of bolt being also milled out for the same reason. 
The striker is attached to the cocking piece and striker nut Striker. 


by interrupted rings. 

The underside of the top rib of the cocking piece is grooved Cocking 
on the right side to clear the stop stud on the bolt, and the ptece. 
striker hole is bored with interrupted rings for attachment to 
the striker. 

The striker nut is bored with interrupted rings for attach- Striker nut. 
ment to the striker. 

The stock is formed with a pistol grip, and has two long Stock. 
lightening grooves cut at the bottom of the barrel groove. 

The sword bar for the sword bayonet is underneath the Upper band. 
barrel. 

The guard consists of a bow with tang; the front part has Guard. 
a hook which hooks into a hookway cut in the rear bottom 
extension of the body, and the tang is bored for a screw 
which passes through the guard and screws into the tang at 
the rear end of the body. 

To strip the rifle, press the retaining bolt and remove the To strip the 
breech bolt from body. Place the cocking piece in the fired rifle, 
position, push the safety catch forward and turn to the right, 
turn the striker nut one-quarter revolution to the left and 
remove from striker, turn the safety catch one-quarter revolution 
to the left and remove the safety catch, spring and draw the 
cocking piece off the striker, turn the bolt-head half a revolution 
to the right, remove bolt-head with ejector and extractor from 
bolt, and withdraw striker and main spring. Raise the extractor 
at the front and draw it forward, remove ejector screw and 
ejector. 

To remove the rectangular box forming the magazine 
bottom, and the rotary platform. With the point of the bullet 
of a cartridge depress the catch, give the bottom fixing-plate 
one-quarter turn, and lift out; lift platform at front end and 
remove, slightly depress front axis stud and turn about 
one-eighth revolution to the right; remove spring and axis 
studs. 

Remove upper band screw and upper band. 

Depress lower band spring and remove lower band, 

Remove guard screw and guard. ‘ 

Remove body screw and stock. 

The sword-bayonet is similar to that shown in Plate XX XV, Sword- 
and described on page 76, except that the edge is reversed bayonets and 
and the bayonet fits on the sword bar on the upper band below acest y= 
the barrel. 

The scabbard is the same as the Roumanian scabbard 
described on page 76. 
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ITALY. 
Mannlicher Carcano, 6°5 mm., ‘256-inch, Pattern 1891. 


This rifle has the Mannlicher clip system of loading, similar 
to that employed in the Dutch and Roumanian rifles, and the 
breech mechanism introduced by M. Carcano of the Turin 
Small Arms Factory. 

The barrel tapers from the reinforce over the chamber to the 
muzzle, and throughout its length is rather light. Its chief 
peculiarity consists in the progressive twist of the rifling, which 
commences at the breech with one turn in 22:9 inches and ends 
with one turn in 75 inches at the muzzle. A small lump is 
left on the barrel, just in front of the reinforce, for screwing the 
rear end of the backsight bed to. 

The barieycorn foresight has its point rounded off; it is 
dovetailed at right angles to the axis of the barrel into a ring 
soldered to the barrel near the muzzle. The backsight bed is 
screwed by the two screws (1) and (2) to a lump on top of the 
ring (3) and to a lump on the barrel. The ring (3) is screwed 
to the barrel underneath. The leaf is hinged on the screw (4) 
and works between the vertical sides of the bed (5). The end 
of the leaf (6) is bent up at an angle of 45° and has the V for 
aiming cut in its top edge. <A flat spring (7) has one end 
screwed to the leaf at (8), while the other end passes outside the 
backsight bed and fits into a slot in the pin (4). On the inside 
of the spring is a sharp rib which engages in the grooves on 
the flange on the right side of the bed. These grooves tally 
with each 100-metre graduation. On pressing the left end of 
the pin (4) the spring (7) is disengaged from the grooves and 
the leaf can be raised or lowered. The sides of the bed are 
graduated on top from 600 to 2,000 metres, even numbers on 
the right. 

On either side of the boltway is a groove (9) for the lugs at 
the front end of the bolt. The right side is cut away as usual 
for convenience in loading, and to permit of the cartridge cases 
being ejected to the right. Below the boltway is an opening, 
the edges of which form the top part of the magazine. Behind 
the barrel seating, in the front part of the body, are the seatings. 
(10, and 10a) for the lugs on the bolt. These communicate 
by cam-shaped grooves with the longitudinal grooves (9, 9). 
In rear of the magazine way the body does not form a complete 
circle, an opening being left on top for the bolt lever to pass 
through. The rear end of the body forms a tang which is 
grooved longitudinally at (11) for the cocking piece stud (25), 
and transversely at (12) for the finger piece (30) of the bolt 
plug, E. Under the front end is a transverse rib (13) which 
transfers the shock of recoil to the stock and which fits into a 
recess in the latter. Through the underside of the body and 
tang are four vertical slots for the sear bent (34), the sear 
axis (53), the retaining bolt, J, and the ejector, I. 
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Tho boll, A, which has no separate bolt-head, is provided Bolt. 
with w lig on each side of its front end. The extractor, F, 
pion (hrough a slot in the right lug into its seating (15) in 
ron, ‘Tho front end of the bolt is recessed to fit the base of 
(he onvtvidye; the rim of the recess is cut away at the bottom, to 
illaw the base of the cartridge to rise up the face of the 
boll, Ho that the extractor may at once enter into the groove 
round the base of the cartridge, thus avoiding any chance of 
‘louble loading (see page 114), Underneath the bolt is a groove 
(16), gradually increasing in depth towards the front, for the 
(ooth of the ejector, I. The bolt lever, which terminates ina knob, 
projects ab right angles to the bolt, about one-third of the length 
of the bolt from the rear; it turns down into the opening cut 
away on the right side of the body. At the rear end of the bolt 


is a cam-shaped recess (17) for the tooth (27) on the cocking 
piece; on the rear face is a small groove (18) for the tooth 
(47) to rest in when the lever is raised. A slot (19, 19a), 
somewhat in the form of an S, is cut in the rear part of the 
holt for the stud (28) of the bolt plug. A gas-escape hole 
fonds from the striker way to the top of the bolt near the 
front end. 

The bolt can be stripped without the aid of tools, with the 
exception of the extractor, which requires a screwdriver or 
punch to dislodge it. 

The mainspring consists of 31 coils of *054-inch wire, set to Mainspring. 
a length of 54 inches. 

The striker, B, has a collar (22) for the mainspring to bear Striker, 
against, and is threaded at the rear end go that the striker nut, 

1), may be screwed on. 

The cocking piece, C, fits on to the end of the plain part of Cocking 
the striker, and is prevented from turning on it by a projection, piece. 
in the striker channel, bearing on the flat (23) on the striker, 

Tt is secured by the striker nut, D. ‘his nut cannot be Striker nut. 
unscrewed until the stud (24), which is actuated by a spiral 
Spring, is pressed flush with the face of the cocking piece. 
Underneath the cocking piece is the cocking piece stud (25) 

which works in the groove (11) in the tang of the body. On 

the left side of the cocking piece is a guiding rib (26) which 

works in the left groove (9) in the body, and helps to prevent 

the cocking piece from turning when the bolt is rotated. On 

the inner side of this rib is a tooth (27) which engages in the 

recess (17) in the bolt when the rifle is fired, 

The bolt plug, H, fits into the rear end of the bolt, and a Bolt plug. 
groove (21) inside the rear end of the latter admits of the 
stud (28) entering into the slot (19a). The mainspring 
bears against the front end of the bolt plug, and the striker 
passes through the hole (29) in the centre of it. he 


bolt plug acts as a safety arrangement in the following Safety 
manner :—-When the bolt plug is in its normal position the arrangement. 
stud (2) is resting in the recess in the extreme end of the 
slot (19), and when the cocking piece and striker are held 

(4148) F 
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back by the sear bent (34) the mainspring tends to drive them 
forward. If now the bolt plug is pressed forward and turned 
round, by means of the finger piece (30), so that the stud (28) 
rests in the recess (2U), the back of the bolt plug bears against 
the front of the cocking piece, and the latter has no tendency to 
fly forward ; therefore, if the trigger were pulled, cocking piece 
and striker wouid remain at rest. If the stud (28) is turned 
into the end of the slot (19a) and drawn out through the 
groove (21), the striker mainspring, bolt plug, cocking piece, 
and striker nut are detached from the bolt. 

The extractor F is inserted into its groove (15) from the 
front of the bolt, the shoulder (31) springs up behind the lng 
on the bolt and takes the pull during extraction. The small 
groove (32) affords a bearing for the end of a screwdriver, or 
punch, to be used in depressing the shoulder (31) when taking 
out the extractor. Atthe frontend is the usual claw for engaging 
the groove round the base of the cartridge. In this rifle the 
extractor rotates with the bolt, and, consequently, travels partly 
round the head of the cartridge when the bolt lever is raised 
(see page 113). 

The sear G has a projection (33) through which passes the 
axis pin, which pivots it to the body ; at the rear end is the sear 
bent (34) which is fixed to the sear by means of a pin. At the 
front end is a vertical hole for the spiral sear spring (35) and 
for the tail of the ejector I. 

The trigger H works in a slot in the sear and is pivoted on 
the pin (36). On its top end are three ribs which give the 
double pull-off described on page 36 for the Austrian rifle. On 
the right side of the trigger is an arm on the end of which is 
a projecting pin (37). 

The retaining bolt has an elongated slot at its lower end into 
which fits the pin (37). Its upper end passes through a slot in 
the body into the right-hand grcove (9) for the bolt lug, and bars 
its passage. ‘To withdraw the bolt, the trigger must be pressed ; 
this lowers the retaining bolt, so that the bolt lug can pass. 

The ejector I rests in its bearing in the front of the sear, 
and is pressed upwards by the sear spring. Its top end passes 
through a slot in the body, enters the groove (16) in the 
bolt, when the latter is withdrawn, and strikes against the 
left-hand lower part of the base of the cartridge, ejecting it 
to the right. 


On raising the bolt lever the cam face of the slot (17), in the 
bolt, presses against the sloping face of the tooth (27), on the 
cocking piece, and forces it to the rear, as it cannot revolve. The 
cocking piece carries with it the striker nut and striker, partly 
compressing the mainspring. The end of the tooth then rests 
in the recess (18) on the end of the bolt. As the bolt lever nears 
the vertical position, the left bolt lug works against the face of 
the cam at the frontend of the left groove (9) in the body. This 
forces the bolt back and effects the primary extraction. If the 
bolt lever were now turned down, the cocking stud w ould be held 
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hnok by tho sear bent, and the mainspring would be fully com 
promod, When the bolt is drawn back after primary extract/on, 
(le cartridge case is drawn ont of the chamber by the extractor 
Witt (he base of the cartridge meets the ejector [, which has 
witered the groove (16) in the bolt; the right side of the 
vartridge, however, is still drawn back by the extractor, conse- 
uontly the cartridge is swang out of the rifle to the right. 
| ho right lng on the bolt then strikes against the retaining bolt 
/, und the backward motion of the bolt is stopped. On pushing 
lorward the bolt, its front end strikes the back edge of the top 
‘uvtvidge in the magazine, and pushes it forward into the 
‘humbor, As soon as the base of the cartridge is free of the clip 
\| vinos, mad the extractor engages in its groove. When the cock- 
‘ny wtud (25) meets the sear bent (34) the ejector has passed 
vt of the rear end of its groove, and the lugs on the bolt have 
rowehed the end of their grooves (9) in the body. On turning 
‘lown the bolt lever, the bolt is forced forward by the cam-shaped 
vntrance to the bolt lug seatings, the bolt lugs turn in front 
vl their resisting shoulders, and the mainspring is fully com- 
pressed, On pressing the trigger the sear bent and the retaining 
holt wre depressed, the sear spring is compressed, and the 
vooking piece and the striker fly forward and fire the cartridge. 
The magazine, which holds six rimless cartridges, is similar Magazine. 
to that of the Dutch Mannlicher (see page 75). 

The clip (see Plate LXV) holds six cartridges, and is similar Clip. 
lo that of the Dutch and Roumanian rifles described on page 76, 
hut as the cartridges have no projecting rims, they lie nearly 
purallel to each other, and consequently the back of the clip is 
iirairht instead of being curved. 

The stock is in a single piece withont pistol grip. It is Steck. 
lightened by having a deep recess, 9 inches long, cut at the 
holtom of the barrel groove commencing under the backsight. 
"he projection (13) on the barrel fits into a steel-lined recess in 
ihe stock, The body, stock, and trigger guard, with magazine, 
avo held together by two screws passing through the ends of the 
(Witger guard into the projections (13, and 14) on the body. 

Tho upper band is fixed to the stock by a transverse screw. Bands, 
Vnderneath it is the usual bar for fixing the bayonet, and at cleaning rod, 
‘ta front end is a small loop, through which the full length i 
‘leanings rod passes, and into which a projecting thread on the 
ol hevews. At one end of the rod is a slot for, the cleaning 
‘4, wf the other end is a thread, probably for use with some 
‘leaving tool. The lower band is not divided at the bottom, 
iuilis hold in position by a spring let into the stock. A projec- 
vn on the underside carries a sling swivel. The other sling 
swivel in pivoted to a plate attached to the underside of the 
halt hy two screws. . A short handguard extends from the 
becheiglt to the lower band; the rear end tucks under the 
hront eudot the backsight bed, and a steel tongue riveted to 
‘hy trout end fits in a groove in the lower band. The steel 
butt plate ia attached by two serews in the usual way. 
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The blade of the sword bayonet is straight, and has a broad 
back, but is double edged for about 2 inches from the point. 
A broad flat-bottomed fuller runs close to the back to within 
3 inches of the point. The cross bar, handle, and locking bolt 
are similar to those on the English bayonet, Pattern 1888. The 
bayonet when fixed is underneath the barrel. All metal parts 
are left bright. The scabbard is of black leather, with brass 
locket and chape; a brass stud is soldered and screwed to the 
former for attachment to the frog. 

For weights and dimensions, see Table IV, Appendix. 


CARBINE. 


Italy Mannlicher Carcano 6'5 m.m. *256-inch, Pattern 1891. 


This carbine is similar to the rifle Pattern 1891, but is 
shorter, and has a bayonet permanently fixed to it. The other 
points of difference are as follows :— 

The bolt has the lever turned down to facilitate stowage in 
the cavalryman’s bucket. 

The barleycorn foresight is dovetailed into its block at right 
angles to the axis of the barrel, its rear face being sloped at the 
same angle as its front face. The backsight is on the same 
principle as in the rifle, but the leaf isso short that the right side 
of it is extended to the rear to allow of a spring catch of sufficient 
length being used on the right side. When aiming at medium 
elevations, this gives the sight a one-sided appearance. The bed 
is graduated from 600 to 1,500 metres, even hundreds on the 
right. In its lowest position the sight gives the elevation for 500 
metres. 

The stock is in one piece, and the butt being 14 inches shorter 
than that of the rifle, makes the carbine awkward to handle. 
The fore-end extends half-way up the barrel. At the end is 
the single band attached by means of a transverse screw. 
On the left side of the band is a bar for the front end of the 
sling, and on the left side of the butt is a recess, across which 
extends a bar, fixed by means of a screw at each end, for the 
rear end of the sling. 

The bayonet, which is carried attached to the carbine, is 
pivoted to the screw (1), which passes through two plates (2), 
which project downwards from the socket (3), which fits over 
the end of the barrel. The rear end of the socket (4) stands 
up on either side of the foresight block, and is attached to it 
by a screw (5). The blade of the bayonet is triahgular, and the 
pivoted end rectangular, the latter being heldin the “fixed” and 
“secured” positions by means of the catch (6), the end of 
which enters the bearings (7) and (8). ‘The catch is pressed 
towards the pivot (1) by means of a spiral spring within the 
thick part of the bayonet. When the bayonet is secured to the 
rear, the end of the blade lies in a groove in the fore-end and 
nose-cap band. All parts of the blade and socket are browned. 
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The carbine is light (6 Ibs. 142 0z.), and can be held with 
one hand at the small, and used as a thrusting weapon ; the 
distance from small of the butt to point of bayonet is 40 inches, 
and would give a greater reach than could be obtained with 
any sword now in use. 

JAPAN. 


Year 38th pattern. Introduced 1907. Bore *256 or 6°5 m.m. 


The design of this rifle is largely borrowed from the Mauser. 

The barrel, which is polished and browned, tapers from the Barrel. 
reinforce over the chamber to the foresight, whence there is a 
small step to the muzzle. There is no “ Knox form.” 

The foresight block (1) forms part of a ring which butts up Sights. 
against the shoulder of the step on the barrel, it is held in 
position by a cross screw. The barleycorn foresight is dovetailed 
into the block at right angles to the axis of the barrel. The 
backsight bed (2) forms part of a sleeve which butts up against 
the reinforce, and is held in position by a screw underneath. 
The leaf is pivoted at its rear end, and is controlled by a flat 
spring in the usual way. The latter is dovetailed and screwed 
to the bed, and is provided with a stud (3) of the same breadth 
as the opening in the leaf. When the latter is down, this stud 
supports the leaf against lateral blows. At right angles to the 
rear end of the leaf is a short leaf (4) with a notch for 400 
metres elevation. The face of the leaf is graduated from 500 
to 2,000 metres. On the right side of the slide a small catch 
(5) is pivoted on the screw (6). At the bottom of the catch 
next the leaf is a small tooth, which engages in slots cut on the 
edge of the leaf, one to each 100 metre graduation. The tooth 
is kept pressed against the leaf by a small spiral spring inside 
the upper end of the catch. The slide cannot be lowered, but 
may be raised, without pressing the catch; it cannot, therefore, 
slip down when firing. 

The body which screws on to the breech end of the barrel, has The body. 
a groove (7) cut on either side of the boltway for the ejector 
and the lugs on the bolt to travel in. The grooves (7) lead to 
the seatings (8) for the lugs on the bolt. The right side of 
the body is cut away for convenience in loading and ejection. 
In rear of the cartridge opening, in the body, the bolt passes 
through a cylindrical portion (9), on the front part of which is 
i guide recess (10) for the charger. In rear of the cylindrical 
portion is a recess (11) for the bolt lever.’ The underneath 
part of the body forms the tap of the magazine, and is pro- 
vided with the usual opening for the cartridges to ascend 
through, On the underside of the body near the front and 
rear ends are two threaded bosses (12) (13) for the screws, 
which hold the trigger guard, stock, and action together. 

‘The fvont boss (12) fits in a steel collar in a recess in the 
stock. There are two tangs (14, 15), separate pieces, which 
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form extensions of the body and trigger guard respectively, and 
tend to greatly strengthen the butt stock at the pistol grip ; 
the upper tang has a groove cut in it for the cocking toe (16). 
The rear boss (13) fits in a square hole in the front of the 
upper tang (14), which is also fixed to the lower tang by a 
screw. These bosses communicate the recoil of the barrel and 
body to the stock. 

The bolt (17) is of the Mauser type. It can be stripped 
and assembled without the use of tools. Its front end is pro- 
vided with two lugs (18, 19), and is countersunk to take the 
base of the cartridge. The bolt is bored out from the rear 
end for the cylindrical striker. The walls of the bolt are cut 
away in rear (20) to form an opening through which the 
cocking toe (16) projects. The front of this opening forms a cam 
(21), joining the two recesses (22, 23) for the cocking toe. The 
groove (24) is for the front safety stud (25) of the sear to 
enter. This arrangement ensures that the rifle can only be fired 
when the bolt is fully closed. A second groove (26) allows clear- 
ance for this stud when the cocking toe passes over the sear in 
loading, A large gas-escape hole (27) is drilled 1 inch from the 
front of the bolt to permit of the escape of gas from a defective 
cartridge. There is a circumferential rib (28) on the rear end, 
which engages with a similar rib (29) inside the locking bolt, 
and there is also a small lug (30), by means of which the bolt 
is locked in the ready position. 

The mainspring is formed of steel wire, with 41 coils, set to a 
length of 4-2 inches. 

The striker and cocking piece are made in one piece. It is 
bored from the rear end to a depth of 42 inches to take the 
mainspring, and has a cocking toe (16) formed on its rear end. 
In the interior at the rear end are cut two longitudinal guide 
grooves (31), in which a stud on the locking bolt (82) moves. 

The locking bolt is in the form of a cylindrical cap on the 
rear end of the bolt, with a stem (33), which fits into the 
striker and bears against the mainspring. It can be placed in 
the safety position only when the action is cocked. To lock 
the action, the locking bolt is pressed forward and then turned 
to the right, the movement to the right being limited by the 
travel of a stud (84) on the undersurface of the locking bolt in 
a groove (35) in the body; thus the mainspring is compressed ; 
a stud (32) on the stem of the locking bolt engaging in the 
guide groove (31) in the striker turns the striker with the 
cocking toe clear of the sear; the ledge on the forward edge of 
the locking bolt engages with thestud (30) on the bolt, which is 
thereby locked; the locking bolt itself is held by the weight of 
the mainspring, with the stud (34) on the rim forced back into 
a recess (35) in the groove in the rear of the body. When the 
locking bolt is disengaged, the weight of the mainspring is 
transferred from the point of the stem of the locking bolt 
(33) to the circumferential rib on the bolt (28), which engages 
with the rib (29) inside the cylinder of the locking bolt. 
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Tho extractor (36) consists of a long stecl spring, extending 
lrom the front end of the bolt nearly to the bolt lever. It is 
provilod with the usual claw to grip the cartridge. It has a 
aiiall vil) (37), on its underside, which works in a cannelure 
(})) round the head of the bolt, and prevents the extractor from 
hing drawn to the front; itis fixed by a dovetail to a split 
Hii (49), which works in another cannelure; thus the bolt is 
free bo burn without moving the extractor. 

Tie bolt cover is semi-circular in cross-section, and is 
rulminod in guide grooves (40), on either side of the body, in 


Which it moves. It encases the whole of the top of the body 
whon the breech is closed. The bolt lever passes through a 
wll in the cover, and draws the latter backwards or forwards. 


\ box extension on the Mauser principle is on the left side 
vl the body at the rear end, and encloses the bolt-stop (41), 
spring, aud ejector (42). The ejector is thus entirely separated 
from the bolt, and is brought into action by a stud (43) on the 
holt, when the latter is fully drawn back. 

On raising the lever of the bolt to open the action, the cock- 
‘iy toe (LG) travels along the inclined plane (21) on the bolt 
wad springs into the recess (23). This draws back the striker. 
\i the bolt lever nears the vertical position, the lower end of 
ii (44) travels along an inclined plane at the back of the 
«ylindrical part of the body (45); this forces the b lt slightly 
‘0 the rear, and forms the primary extraction. The striker, 
“innot revolve when the bolt is rotated on account of the 
wocking toe (16) being engaged in the groove (46) in the body ; 
the extractor gannot revolve as it engages in the right-hand 
groove (7) in the body. The lugs of the bolt (18, 19) are now 
vloar of their seatings, and opposite the ends of the grooves (7). 
(nu drawing the bolt to the rear, the cocking toe (16) passes 
over the bent of the sear (47), and depresses it; the safety 
wiud (25) is thereby raised and enters the clearance (26) 
out for it in the bolt. On drawing the bolt fully back, the 
roar end of the ejector (48) comes in contact with a lag (43) 
on the bolt, the front part of the ejector strikes the base of 
‘he cartridge on the left, and ejects it to the right, and the 
Holt is arrested by the lug on the bolt (43) striking against the 
holt stop. ‘ 

In closing the bolt, the bolt-head meets the base of the top 
surbeidge in the magazine; the bullet rises up an incline cut in 
(ho body in front of the magazine; and guides the cartridge 
‘ilo the chamber. The base rises up the face of the bolt-head, 
wnt the extractor engages in the groove in the base of the 
vivbvidge. When the cocking toe (16) meets the sear bent (47), 
the striker is held back, while the bolt and locking bolt continue 
(how forward motion, compressing the mainspring until the 
hit lover meets the cylindrical part of the body (45). On 
‘iiiitg down the bolt lever, the lugs on the bolt pass out 
(| the grooves (7) and place themselves in front of their 
/ (nee in the front part of the body. On pulling the trigger 
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Bolt cover. 
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the sear bent (47) is depressed, and the cocking toe anc 
striker are released as before described. 

The magazine, which holds five cartridges in two columns, is 
made of sheet steel ; the bottom part fits into the opening made 
for it in the trigger guard, and the projection (49) on the 
front end, engages in the body. ‘The bottom is closed by a 
plate, a hook (50) on the front end of which hooks into the 
trigger guard at (51). The back end of this plate is supported: 
by the tooth (52) of a small catch pivoted on the pin (53) in 
the bow of the trigger guard; the top end of the catch is kept 
pressed forward by a small spiral spring. The platform is 
cut so that the right side is higher than the left, thus bringing 
the centres of the cartridges in one column opposite the top. 
or bottom edges of the cartridgesin the other column. Under- 
neath the rear end of the platform, is a rib which forms a 
seating for the zigzag magazine spring (54), the front end 
of which is held by two undercut projections on either side; 
while the other end is secured in under-cut recesses in the 
bottom plate. The opening in the body forms the top part of 
the magazine; its sides overhang slightly so as to form stops 
for the top cartridge in each column; the cartridges are thas 
prevented from being pushed out of the magazine by the 
upward pressure of the magazine spring. When the magazine 
is empty, the rear edge of the platform prevents the bolt from 
being closed, and so indicates to the soldier that the magazine 
requires refilling. 

For weights and dimensions, see Table IV, Appendix. 


PORTUGAL. 
Mauser-Virguiero, °256-inch, Pattern 1904. 


For weights and dimensions, see Table IV, Appendix. 


ROUMANIA. 
Mannlicher 6°5 m.m., *256-inch, Pattern 1895, 


(See page 71.) 


RUSSIA. 
Line, 7°62 m.m., *8-inch, Pattern 1900. 


This rifle follows Patterns 1891 and 1894 of the same type 
of rifle which are known by the designations, 3 Line, Nagant and 
Mossin. 

The barrel, which is strongly reinforced over the chamber, 
tapers slightly towards the muzzle and screws into the body in 
the usual manner. 
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The foresight block and backsight bed are brazed on to the Sights, 
barrel. The barleycorn, which is rather high and narrow, is 
dovetailed into its block at right angles to the axis of the 
barrel. The leaf of the backsight is hinged to the front end 
of the bed. A cap is formed on the end of the leaf and is 
provided with a very small v, the sides of which make an 
angle of 60° to each other. The slide A maintains its position 
whergver it is placed by friction against the edge of the leaf. For 
this reason a small slightly curved spring (1) is introduced 
between the slide and side of the leaf. A small stud is formed 
on the back of this spring, and enters a hole in the side of 
the slide, while a small screw bearing on the end of this stud 
enables the friction to be regulated. 

Grooves are cut in either side of the cap to enable the slide 
to be taken on and off. Ramps are formed on either side of 
the bed and are provided with steps giving the clevation for 
even hundreds of paces, from 400. to 1,200. The leaf ig 
graduated from 1,800 to 2,700, odd numbers on the right. 
The leaf is controlled by the usual flat spring dovetailed and 
screwed to the bed. See Fig. 8, page 107. 

The body has the usual opening for the magazine beneath Body. 
the boltway and is cut away on the right to facilitate ejection 
and loading. The rear part of the body is open on top to 
permit of the passage of the bolt lever and rib; it is grooved 
behind the magazine opening for the connecting bar C and the 
cocking piece stud (30), and the extreme end is formed into a 
tang. Beneath the front end is a square projection (2) which 
transfers the shock of recoil to the stock. In the left side, 
above the magazine opening, is a slot (3) for the body of the 
interrupter I. A slot is also cut in the under part of the body to 
permit of the bent of the sear (37) and retaining stud (36) 
entering the groove for the connecting bar. 

Above the rear end of the magazine way is a projection (4) 
in which vertical grooves are cut to support the chargers The 
Ings (25) on the bolt-head enter the front part of the body by 
the grooves (5, 5). Cam-shaped grooves communicate with 
the seatings (26) for the lugs, which are horizontal when the 
breech is closed, instead of being vertically one above the 
other as in the Mauser and Mannlicher rifles. 

The bolt B is of complicated construction. It is provided Bolt. 
with a separate bolt-head D (which, however, turns with the 
bolt), and with a connecting bar ©, which acts as a guide to the 
cocking piece, and helps to retain the bolt in the body. 

On top of the bolt extending over its front end is a rib (7) 
which has a recess (8) on its under side for the projection 
(18) on the connecting bar. The bolt handle projects at 
right angles to the rib and terminates in the usual knob. At the 
rear end of the bolt is a cam-shaped recess (9) for the tooth 
(31) of the cocking piece. A small recess (10) is also 
provided for this tooth when the bolt lever is raised. Another 
cam-shaped recess (11) affords clearance for the safety tooth (33) 
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on the cocking-piece. Another recess (12) is provided for 
the safety tooth to lock into; a cam-shaped groove (13) on the 
under side of the bolt operates the rib of the interrupter. 
The bolt can be stripped without the use of tools. : 

The connecting bar C consists of a long bar which lies 
underneath the bolt and fits in a groove cut for it at the 
bottom of the boltway. On top of this bar is a projection (15) 
in which a hollow cylinder is fixed. The rear part (16) of this 
cylinder fits into the front part of the bolt. The front (17) of 
the cylinder fits into the bolt-hcad. The top part (18) of the 
projection fits into the recess (8) in the rib, and keeps the bolt 
and connecting bar together. ‘The stud (30), on the cocking 
piece, works in a slot (19) in the rear end of the connecting 
bar. Underneath is along groove (20) for the retaining tooth 
(86) on top of the trigger. 

The bolt-head D fits on to the projection (17), on the con- 
necting bar, and is retained on it by the tooth (21), on the 
connecting bar, fitting into the groove (22) in the bolt-head. 
The stud (23) engages in the recess (24) in the front end of 
the rib of the bolt, and forces the bolt-head to turn with the 
bolt. On the bolt-head are two lugs (25) which lock in recesses 
(26), in the front part of the body, on either side of the bolt- 
way. The groove (27) is for the ejector tooth (44). The rear 
end of this groove is widened to admit of the tooth (21) being 
introduced along it into the groove (22). The face of the bolt- 
head is recessed for the cartridge head. 

The mainspring is introduced into the bolt from the front, 
and bears against a shoulder near the rear end. It is made of 
28 coils of ‘05 inch wire set to a length of 4 inches. 

The striker E is attached to the cocking piece by means of a 
thread on its rear end. A collar is formed on it for the front 
end of the mainspring to bear against. The part in front of 
the collar passes through the cylinder (16), (17) on the con- 
necting bar, and on this part there are flats (29), on both 
sides of the striker. As the hole in the cylinder (16) has 
similar flats in it, the striker is prevented from turning. 

The cocking piece F screws on to the rear end of the striker. 
Underneath its rear end is a stud (30), which works in the slot 
(19) in the connecting bar, and engages with the bent of the 
sear (37). The tooth (31) engages in the recess (9) in the 
bolt when the trigger is pressed. There is a projection (32), 
which passes over the rear end of the bolt, and works in the 
slot, through the cylindrical portion of the body. On the under- 
side of this projection there is a tooth (33) which, when the 
cocking piece is pulled back by hand, and revolved to the left, fits 
into the recess (12) on the rear end of the bolt. This prevents 
the rifle from being fired, or the bolt from being opened. The 
clearance (34) on the projection is provided to enable it to 
pass over the left side of the body, when it is placed in the 
position of safety. On the rear end is a large button (35) with 
its edge roughened to afford a grip. 
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The extractor (28) fits into a groové in the bolt-head. The Extractor. 
rear end of this groove is undereut, and the rear end of the 
extractor is bevelled so as to fit it securely. The extractor, the 
front end of which is free to rise, ends in the usual hook which 
projects over the face of the bolt-head. 

The backward movement of the bolt is stopped by the Retaining 
retaining tooth (36) on top of the trigger coming in contact arrangement. 
with the front end of the groove (20), on the connecting bar. 

If the trigger is drawn back the tooth (36) is depressed, and the 
bolt can be withdrawn from the body. 

The sear G consists of a flat spring screwed on to the under- Sear. 
side of the body. At its rear end is the bent (37) which 
projects through the tang into the boltway. 

The trigger H works between two lugs on the under side of Trigger. 
the body, and is pivoted by a pin which passes through them 
and through the hole (38) in the trigger. On its top end is 
the retaining tooth (36), which passes through the body into 
the boltway. The sear passes through a slot in the upper end 
of the trigger. When the trigger is drawn back the upper face 
of this slot bears down on the sear and depresses it. 

The interrupter I consists of a plate (39), a flat spring (40), Interrupter. 
and a tooth (41). The spring is secured to the outside of the 
body by means of a screw passing through its rear end. The 
plate (39) partly passes through a longitudinal slot in the left 
side of the body, and its inner edge enters the boltway. The 
projection (42) bears against the outside of the body and 
prevents the plate from entering too far. When the bolt lever is 
raised, the inner edge of the interrupter lies in the groove (13), 
in the bolt, and the tooth (41) enters the magazine through a 
slot in the top of its left side, and bears upon the second cartridge 
from the top, which it prevents from rising. When the bolt 
lever is turned down, the cam-shaped surface of the groove (18) 
bears on the edge of the interrupter at (43) and presses it 
outwards, so that the tooth (41) no longer holds the cartridge 
down. The projection (44) on the edge of the interrupter Ejector. 
works in the groove (27), in the bolt-head, and, on the bolt 
- being drawn back, strikes the base of the cartridge and ejects 
it. The action of the interrupter is as follows. On pressing 
cartridges into the magazine, the rims and bodies of the 
cartridges press the interrupter outwards, and so pass by it into 
the magazine, but the cartridge next below the top one, 
is always held down by the tooth (41), until the top cartridge 
has been pushed into the magazine and the bolt lever turned 
down. This arrangement prevents double loading, for after the 
top cartridge has been loaded into the chamber, the next 


cartridge caunot rise until the ‘bolt lever has been turned down, 
and the claw of the extractor has got hold of the rim of the 
cartridge, which must then be extracted when the bolt is drawn 
back. i 
On turning up the bolt lever, the bolt, bolt-head, and ex- Fata ee 
tractor revolve together, the tooth (31), on the cocking piece, WicGhaniainn 
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works along the inclined face of the recess (9) in the bolt «nd 
drops into the recess (10). This draws back the striker and 
partly compresses the mainspring. The tooth (33) moves in 
the clearance (11) on the bolt, but does not touch the latter. 
At the same time the front of the rib (7) travels along an 
inclined plane on the body at (6), and forces the whole bolt 
back, effecting the primary extraction. As the bolt is being 
rotated the edge (43) of the interrupter works into the deepest 
part of the groove (13) in the bolt, and the tooth (41) enters: 
the magazine and bears upon the top of the second cartridge 
from the top. On the bolt being drawn back the claw of the 
extractor withdraws the empty case from the chamber, until the 
base of the case strikes the projection (44) on the interrupter, 
when the case is ejected to the right. The backward motion 
of the bolt is then stopped by the tooth (36) on the trigger 
meeting the end of the groove (20) in the connecting bar. 
On pushing forward the bolt, the bottom edge of the bolt-head 
pushes the top cartridge forward into the chamber. When the 
rib (7) meets the inclined plane on the body at (6), the stud 
(30) on the cocking piece also meets the bent of the sear (37), 
and the lugs on the bolt-head (25) arrive at the cam grooves 
in the body. 

On turning down the bolt lever, the lugs (25), moving along 
the cam grooves into their seatings (26), draw the bolt forward 
and complete the compression of the mainspring. The edge 
(43) of the interrupter is forced outwards by the cam groove 
(18) on the bolt, and the tooth (41) is withdrawn from the 
magazine, permitting the column of cartridges to rise up 
against the bottom of the bolt. 

On pressing the trigger, the top of the slot in the trigger 
presses on the sear and depresses the bent (37) from in front 
of the stud (80) on the cocking piece. The latter and the 
striker then fly forward under the action of the mainspring, and 
fire the cartridge, the tooth (31) entering the recess (9) in the bolt. 

The magazine (45), which holds five rim cartridges in a single 
column, is made in one piece with the trigger guard (46). The 
left side is cut away at (47) to admit the tooth (41) of the inter- 
rupter. The bottom of the magazine is closed by a trough- 
shaped plate (48), at the front end of which is a curved slot 
(49). The magazine is held in position by the screw (50) passing 
through the slot (49), and at its rear end by the claw (51), which 
passes through a slot in the plate (48) and supports it. This 
claw is on the end of a flat spring, screwed to the body at (52). 

The cartridges are fed up by a lever (53), pivoted ona pin (54) 
above the slot (49). This lever is pressed upwards by a flat spring, 
the rear end of which is screwed to the plate (48). On the outer 
end of the lever a platform (56) is pivoted, and is pressed 
upwards by the flat spring (57), which fits in an undercut: 
groove in the lever (53). At the front end of the lever is a 
projection, which partly closes the groove (49), but by depress- 
ing the lever the projection is raised, and the bottom of the 
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magazine can be detached, after the rear end has been released 
from the catch (51), without removing the screw (50), 

The five cartridges are carried in a charger (see Plate LXII), Charger. 
stamped oat of sheet steel, in which they are held by two 
small tongues folding over on to the end cartridges. To 
charge the magazine, the charger is placed into the recess cut 
for it in the bridge of the body, and the cartridges forced out 
of it by the pressure of the thumb. The charger, when empty, 
must be removed by hand. There is no cut-off, and the rifle 
can only be used as a single loader when the magazine is 
empty ; it can be replenished at any time by the introduction of 
one or more single cartridges. The cartridges are placed in the 
charger, the centre one standing on the rims of the cartridges 
on either side of it, which, in their turn, stand on the rims of 
the two end ones. 

The stock is in one piece, with fore-end grooves for the Stock. 
thumb and fingers of the left hand. The stock, trigger 
guard, and body are joined together by two screws (58) (59), 
which connect the ends of the trigger guard to the ends of the 
body. There is a full length rod groove, with a nut letinto the 
rear end, for the cleaning rod to screw into. "he thin wooden 
handguard extends from the upper to the lower band, and is 
lined at both ends with sheet brass, secured by three copper 
rivets in each case. Two tongues project from the lining at 
each end, and fit in grooves cut for them in the bands. 

There are two bands, each of whichis clamped to the fore-end by Bands and 
meaus of screws passing through the ends of the bands. Each of swivels, &c, 
these screws is ouly threaded near the head, and has a button 
riveted on to the end of the plain part of the stem, so that 
on unscrewing, the band is tightened up (see figure J, Plate LI). 

One sling swivel is pivoted to the upper baud screw, and the 
other to the screw (50) which passes through the magazine. 

The front end of the stock is covered by a small plain nose- Nose-cap and 
cap, fastened by a screw passing through it from side to side. butt plate. 
The butt plate is of sheet steel, bent over the heel of the butt, 
and fastened by two screws. 

The full length cleaning rod is carried in the rod groove in Cleaning rod. 

the fore-end, and screws into the nut in the end of the groove. 
One end of the rod is provided with a button larger than the 
bore, in which there is a hole at right angles to the rod. This 
is probably for cleaning the chamber. The other end of the rod 
is threaded for a jag or brush. 

The bayonet is browned all over, it is of + section and is Bayonet, 
attached to the rifle by means of the old-fashioned bayonet joint 
locking ring. It fits very firmly on to the barrel, and ig always 
carried fixed, no scabbard being supplied. The blade lies 
close to the right side of the barrel, and is set at a slight 
angle so that its axis produced would pass through the small 
of the batt. The end of the bayonet is chisel shaped, and can 
be used as a screwdriver for stripping the rifle. 

lor weights and dimensions, see Table IV, Appendix. 
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SPAIN. 


Mauser 7 m.m., °276-inch Pattern, 1892. 


See Mauser rifles, page 42. 
a 


SWITZERLAND. 


Schmidt-Rubin 7:5 mm. ‘295-inch, Pattern 1900. 


This pattern is shorter and lighter than pattern 1893, the 
magazine holds six rimless cartridges in place of twelve, and 
the bolt, which is a straight puil, differs in having the lugs at 
the forward end of the locking sleeve. 

The barrel is strongly reinforced where it screws into the 
body. The diameter is reduced in two steps just in front 
of the end of the chamber, it then tapers to the muzzle, 
aslight swell being left for the foresight ring and the barrel 
sleeve. This latter component is peculiar to the Schmidt- 
Rubin rifle, and consists, see (1) Fig. A, of a tube of copper alloy, 
which fits the swell on the barrel, just freely enough to allow 
the latter to pass through it when expanded by heat. The sleeve 
is firmly gripped between the fore-end and handguard. 

The barleycorn foresight is dovetailed at right angles to the 
axis of the barrel, into its block, which forms part of a ring, 
soldered to the swell on the barrel. The backsight is placed 
close to the breech end of the barrel. The bed is screwed on to 
the barrel, and is formed with a ring which goes round the 
latter. The leaf (2) is pivoted on the screw (3) at its forward 
end, and works between the high sides on the bed. On the left 
side of the leaf is a spring arm (4) pivoted on the screw (8), and 
ending in a roughened finger piece (5), the spring being so set 
as to press outwards. On the side next the bed this arm is bevelled 
off and engages in the ratchet-shaped grooves cut on the inside of 
the bed for every 100 metres from 300 to 1,200 metres. A 
longitudinal rib on the inner side of the arm fits in a groove on 
the side of the leaf. The rear end of the leaf is turned up at 
an angle of 45°, and the V for aiming is cut init. The gradua- 
tions from 300 to 1,200 metres are marked on the top of the left 
side of the bed. Outside the bed on the left the graduations 
for 300, 500 and 1,000 metres are marked. 

The body, behind the magazine way, forms a complete 
cylinder (6) for a length of 43 inches, and is thus of consider- 
able length. On the right side, and forming part of the 
body, is a smaller cylinder (7) opening into the Jarger one. A 
slot in the bottom of this cylinder admits the tooth (44) of the 
retaining bolt. A short groove is cut at the bottom of the 
cylinder (6) for the striker stud (83), a vertical slot being cut 
at the bottom of this groove for the sear bent (49). . On 


Digitised by the Vickers MG Collection & Research Association 


SWITZERLAND. SCHMIDT RUBIN 1900. 
Plate LI. : 


MGC i esearch Association 


rs 


"OG ebed ales Of 


SWITZERLAND. SCHMIDT RUBIN, PATTERN (900. 


Plate 
————_——_———_—j 


6 39 

LY MMAUMULMI 

ER CS « 
SS eeereeact 


LTA Mn 
FESS 


EE 
VES 


r&Granam Lis Litho Loudon 


Sars Werle 


Digitised by the Vickers MG Collection & Research Association 


G6 vbed avez of 


SWITZERLAND, SCHMIDT RUBIN, PATTERN 1900. 


Plate INV, pie 


‘$6 ehid ons Of 


iene Cone 
r&Grahea b* bio lo 


we Digitised by the Vickers MG Collection & Research Association | 


95 


each side of the interior of the cylinder (6) are longitudinal 
grooves for the bolt Iugs (19, 19a). These grooves communi- 
cate by means of diagonal grooves with the lug seatings, 
which are cut on a screw pitch. The rear part of the body 
forms a short tang. 

The bolt which is made up of the bolt cylinder C, the locking Bolt. 
sleeve D, and the bolt cap K, is operated by means of the 
action rod F, The bolt cylinder is bored ont from the rear for 
the striker and mainspring, and is slotted, on the right side at 
(9), to admit the tooth (SV) of the action rod. A circular flange 
(10) affords a bearing for the front end of the locking sleeve D. 
In front of this flange the bolt cylinder is grooved on both sides 
at (11) to allow it to pass through the turned-in sides of the 
magazine Li. 

On the left is a deeper groove (12) for the ejector (39). On 
top a little to the right is a flat for the extractor. The front 
end of the bolt cylinder is permanently screwed in. The 
face of the cylinder is recessed for the head of the cartridge, 
but the rim of the recess is not cut away at the bottom to allow 
the heads of the cartridges to rise up at once under the claw of 
the extractor when loading, therefore double loading is possible. 
The bolt cap E screws on to the rear end of the bolt cylinder. 
It is bored out for the striker, and has a shoulder inside, 
against which the rear end of the mainspring bears. At the 
rear end is a broad flange (13), with a clearance (13) for the 
action rod. It is slotted out at (14) for the striker stud (33). 
At right angles to this slot is the safety slot (15) for the 
striker stud. On the right side is ‘a rib with an undercut 
groove (16) for the stud (28) on the action rod F. The 
front end (17) forms a bearing for the rear end of the 
locking sleeve D. ‘The locking sleeve fits loosely behind 
the flange (10) on the bolt cylinder, the diameter of the 
latter being slightly reduced from (18) to (18a) to lessen friction. 
At the front end are the two lugs (19, 19a), which resist the 
backward pressure of the cartridge on firing. The top lug (19) 
is slightly in advance of the other, and their front and rear faces 
are cut with a screw pitch. A helical slot for the stud (29a) on 
the action rod runs from (20) to (21). A recess (22) in this slot 
affords a seating for the stud (29a) when the action rod is drawn 
back. The action rod F works in the cylinder (7) in the body. 
On the right, at the rear end, is a lever for operating the rod, to the 
end of which lever, on either side, vulcanite knobs (24) are fixed 
by screws. Underneath is a groove (25) for the tooth (44) of 
the retaining bolt. Within this groove are two projections (26) 
(27), against which the tooth of the retaining bolt bears, in the 
open and closed positions, and holds the action rod steady. On 
the left a dovetail stud (28) fits in the undercut groove (16) on 
the bolt cap E. The rib (29) works in the slot between 
the cylinder (6) in the body, in which the bolt works, and the 
cylinder (7) for the action rod. The stud (29a) works in the 
helical groove (20) (21) in the locking sleeve, which it causes to 


Digitised by the Vickers MG Collection & Research Association 


Striker. 


Mainspring. 


Extractor. 


Hjector. 


Retaining 
bolt. 


Sear, 


Trigger. 


Action of the 
mechanism. 


96 


revolve. The stud (30) enters the bolt cylinder through the 
slot (9), and lies in front of the head (31) on the striker. 

The striker G is divided into two parts, the front part has a 
short point at the front end, and a head (31) at the other. The 
rear part has a button (32) at one end, which fits into a suit- 
able recess in the head (1), and underneath carries the striker 
stud (33), which works in the slot (14) in the bolt cap. The striker 
can be drawn back by means of the ring (34) on the rear end. 

The mainspring consists of 15 coils of flattened steel wire 
06 x ‘04 set to a length of 2°3 inches. 

The extractor, H, is a flat spring terminating in the usual 
claw (35), projecting beyond the face of the bolt. It is pro- 
vided with a stud (36) with circular stem and oval head. Near 
each end are two small projections (37). To fix the extractor 
place the stud (36) in the oval hole (36a) in the bolt cylinder, 
with the extractor at right angles to the latter, then turn the 
extractor parallel with the bolt, and the head of the stud wil! 
lock under undereut grooves, and the projections (37) will 
spring into seatings (37a) cut for them. A shallow recess (38) 
enables the end to be raised when removing the extractor. 

The ejector (39) is a pin with a broad head and flat point, 
which passes through the left side of the body. It is secured 
by a keeper screw. 

The retaining bolt, I, is pivoted underneath the small 
cylinder (7), on a projection, which fits into the slot (40), 
through which the axis pin (41) passes. At the front end is a 
spiral spring (42) which fits in the hole (48), and bears against 
the bottom of the cylinder (7). On the rear end is a tooth (44), 
which is pressed upwards, by the spring (42), into the groove 
(25) in the action rod. When the latter is fully drawn back 
this tooth locks into the front end of the groove as shown. To 
withdraw the bolt push it forward slightiy, and depress the 
tooth by pressing on the thumb piece (45). 

The sear, J, is pivoted on the pin (46) in a slot in the projection 
(47) under the body; its front end is pressed down by the 
spiral spring (48), which raises the sear bent (49), through 
a slot in the bottom of the body, into the groove for the striker 
stud (33). 

The trigger, K, is pivoted on the pin (#0) in a fork at the 
end of the sear. 

The bolt is worked by a straight backwards and forwards 
motion imparted by the action rod, F. In the first motion of 
drawing the action rod to the rear the tooth (29a) moves 
in the straight part of the slot (20) of the locking sleeve ; the 
tooth (30) bearing against the head (31) of the striker begins 
to draw it back, and the projection (26), in the groove of the 
action rod, depresses the tooth (44) of the retaining bolt, I. On 
continuing the backward motion, the tooth (29a), which is con- 
strained to move in a straight line, on account of the rib (29) 
moving in the slot between the two cylinders (6) and (7), bears 
against the curved part of the slot (20), and rotates the sleeve, 
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turning the lugs from in front of their seatings into the 
diagonal grooves in the body. On account of the lugs and their 
seatings being cut on a screw pitch, the entire bolt is with- 
dawn about ~5-inch ; this forms the primary extraction. The 
tooth (29a) has now got to the back end (21) of the slot in the 
locking sleeve, and has drawn the striker fully back, The whole 
bolt is now free to come back; as it does so the lugs (19 and 
19a), on the bolt sleeve, pass along the diagonal grooves and 
further rotate the locking sleeve, until the recess (22) slips in 
front of the stud (29a). The latter is pressed forward into this 
recess by the head (31) on the striker, actuated by the main- 
Spring. On continuing the backward motion, the projection 
27) in the action rod groove depresses the retaining bolt tooth, 
and the latter then strikes the end of the groove (25) and 
arrests the backward motion. The dovetailed stud (28) on the 
action rod working in the groove (16), on the bolt cap, serves to 
keep the action rod parallel with the bolt. 

On pushing forward the handle of the action rod the retain- 
ing tooth (44) is depressed by the projection (27), and the 
whole bolt mechanism moves forward. ' When the lugs (19, 
19a) pass down the diagonal grooves the locking sleeve is 
rotated, so that the recess (22) no longer retains the stud (29a). 
When the flange (13) on the bolt cap arrives within ;!;-inch of 
the cylinder (6) on the body, the sear bent (49) engages the 
striker stud (33), and the lugs on the bolt cylinder have arrived 
at the entrance to their seatings. On pushing home the action 
rod the stud (29a) passes along the groove (21) (20) and 
revolves the locking sleeve, placing the lugs (19, 19a) in their 
recesses, and fully closing the bolt. As the bolt is finally closed 
the extractor claw springs into the groove round the head of 
the cartridge, which has been pushed forward ont of the 
magazine by the bolt, and the retaining bolt tooth (44) rises 
behind the projection (26) in the action rod groove, and pre- 
vents the action rod from slipping back. 

By drawing back the striker, and revolving it so that the Safety 
striker stud (33) points to the left, the latter enters the safety arrangement. 
slot (15), which is shorter than the slot (14). The point of 
the striker cannot then reach the cap of the cartridge, and 
the bolt cannot be drawn back, as the rear face of the stud 
(38) is engaged by the shoulder (15a) in the groove (15) in 
the bolt cap. 

The magazine, L, is made of sheet steel, and holds six Magazines. 
rimless cartridges. It is strengthened by a steel strap (51) 
brazed on. In the bottom, on either side, are two small openings 
for the escape of dust, which, however, is also liable to find 
its way in through these openings. The mayazine is inserted 
through an opening in the trigger guard plate (52). A small 
lever is pivoted on a pin (53) passing through a projection. 
on the right side of the magazine. A groove (54) in this 
lover engages the trigger guard plate, and retains the magazine 
in position. The lever is pressed outwards by a small spiral 
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spring underneath its lower end. The top edges of the 
magazine are partially turned over, and thus prevent the two 
columns of three cartridges from being ejected by the magazine 

Te 
PES. 


with one side higher than the other, so as to raise the cartridges 
in one column, and present the cartridges in the two columns 
alternately at the opening in the top of the magazine. The 
platform, which can be slipped out of the magazine to the 
rear, is pressed upwards by a zig-zag wire spring with three coils. 

The magazine is filled either by the insertion of single 
cartridges or from a charger (see Plate LXIIT), containing six 
cartridges. The charger is of papier maché, the bottom edges 
being protected by a tinned iron strip having tongues, two on 
either side, which are bent over so as to retain the cartridges. 
To fill the magazine the charger is placed vertically over 
it, mouth downwards, the fingers of the right hand gripping 
the magazine underneath. The cartridges are forced downwards, 
out of the charger, by the pressure of the thumb, which works 
in the broad slot cut for it in the papier maché portion of the 
charger. 

To the guard, which is a long one, the front end of the trigger 
guard proper is screwed, and the rear end is attached by 
the long screw which passes up through the stock into the 
tang. ‘The guard, stock and body are also joined together by 
two screws that pass up through the guard into the projections 
(8 and 8a) under the body. 

The stock is in one piece, with grooves for the fingers and 
thumb of the left hand. The barrel groove fits the barrel as 
far as the front of the backsight bed, from thence to the barrel 
sleeve (1) it is about +-inch more in diameter than the barrel 
so that the fore-end is quite clear of the latter. The barrel 
sleeve fits the fore-end groove, and is firmly clamped by the 
upper band, between the fore-end and the handguard. The 
latter is secured to the fore-end by the upper and lower bands. 
The rear end of the handguard is bound by a steel band secured 
by two rivets, and fits under projections on the backsight bed. 
The barrel groove in this part of the stock is considerably 
broader than the barrel, therefore the stock does not touch the 
latter. 

The upper band fits in a shallow groove in the fore-end and 
handguard; it is made in two pieces with a hinge on the left 
side. The two ends on the right are drawn together by means 
of a screw. Underneath is the bar for the attachment of the 
sword bayonet, anda short rod with upturned end for piling 
armg screwed in and secured by a fixing pin. The lower 
band is fixed to a spring let into the underside of the stock; it 
is divided on the left, the two ends being drawn together by a 
screw, anda sling swivel is attached to the underside. The other 
sling swivel is attached to a small plate, secured by two screws, 


spring. The platform is of sheet steel bent thus we 
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tidernenth the butt. The sheet steel butt plate is attached by 


(wo fnerows; its sides and toe are much rounded off. 

The blade of the sword bayonet is of + section; there are no Sword 
woolen grips. A projection for the bolt and spring is brazed bayonet. 
oi tothe rear end. The crossbar, with the usual barrel ring, 

i elirunt on to the blade. The sword bayonet is browned all 


mye 


Nor weights and dimensions, see Table IV, Appendix. 


TURKEY. 


Mauser, 7°65 mm., ‘301-inch, Pattern 1890. 
See Mauser rifles, page 42. 


UNITED STATES. 


Short Magazine Rifle, 7:62 mm., *3-inch, Pattern 1903. 


‘he action of this rifle is a modification of the Mauser. 

The barrel has a reinforce over the chamber, and tapers Barrel. 
lrom a point 2 inches in front of the body, where there isa 
slight shoulder, to the muzzle. 

The foresight is a narrow hardened steel plate (1) which is Sights, 
pinned in a longitudinal groove in the foresight block. The 
backsight bed is in two parts. The lower half is in the form 
of a sleeve which butts against the body. The upper half is 
(nrned on a pivot (2) on the lower half by means of a worm 
with a milled head (3) working in a worm gear (4) in its for- 
wird end; its rear end moves in an undercut groove (5) in the 
lower half and has the windgauge scale cut on it, two zero 
lines being cut on the fixed lower bed. The leaf (6) is pivoted 
nour its rear end, and is controlled by a flat spring dovetailed 
into the bed. The sight is used with the leaf up. The leaf is 
praduated in hundreds of yards on alternate sides from 100 to 
¥,100 yards, each hundred being sub-divided into 25 yards on the 
opposite side. The slide (7) is in two parts, the slide proper 
and a plate (8) in which are two U’s, and a peep sight. This 
plate is held to the slide by a stud which works ina horizontal 
proove in the face plate of the slide. It moves in grooves cut 
in the front of each side of the leaf. These grooves are slightly 
inclined to the left, from bottom to top, to allow for drift 
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The slide is provided with three U’s, and a peep sight. 
One U (9) ison top (leaf raised), one in the base ofatriangular 
opening under the bar, and one (10) on the bar for use with 
the leat down to give 400 yards elevation; another U (11) in 
the top of the leaf gives an elevation for 2,500 yards. A. 
clamping screw (12) in the right of the slide prevents it slipping 
on the leaf. The slide may be removed by detaching a plate 
on its face. This plate, dovetails on which fit into horizontal 
undercut grooves in the slide, is fixed with a screw and also by 
the pin which retains the clamping screw. 

The body screws on to the breech end of the barrel in the 
usual manner, and is cut away on the right side of the boltway 
to facilitate ejection and loading. The lower part of the body 
is eut through to form the upper portion of the magazine. 
Two grooves (13) are cut on either side as guides for the 
locking lugs (14) on the polt. These grooves terminate ina recess 
(15), cut in rear of the chamber, in which the lugs lie when 
the bolt lever is turned down in the ready position, thus 
locking the bolt to the barrel. The rear of the body is cylin- 
drical in form, and has a groove (16) cut in the top of its 
interior to afford clearance for the resistance lug (17) on the 
bolt while the right of the cylindrical portion forms a resistance 
shoulder (18) for this lug, the front being cut to form a charger 
guide (19). In the left of the body is a retaining bolt (20) 
and the ejector (21). In the interior of the cylindrical portion 
in rear a cam is cut (63), which causes primary extraction. 
The rear end of the body forms a tang, which has a longitudinal 
groove (22) for the cocking-piece stud. 

The face of the bolt cylinder, A, is recessed for the base of 
the cartridge, which has a rim. There is no separate bolt- 
head. ‘Two locking lugs (14) are situated at the head of the 
bolt. The left-hand lug ends in a claw which, being opposite 
the extractor which lies over the other lug, helps to support 
the cartridge. A longitudinal slot (23) is cut on the left 
through which the ejector works. On the right side, when the 
bolt is closed, is a solid lug (17) which bears against the 
shoulder (18) of the body, arid assists in taking the shock 
of recoil. The lever (24), terminating in a knob (25), is at the 
rear end of the bolt cylinder. 

A cam-shaped recess (26) is cut in the back of the bolt, and 
close to it is a small groove (27) for the point (28) of the 
cocking stud to rest in when the breech is open. A gas-escape 
hole is bored into the striker way at (29). A flange (30) rans 
partly round the rear end of the bolt. A recess (31) is cut in 
the back of this flange for the spring catch of the bolt plug. 

The bolt is bored out from the rear for the mainspring, 
which is of ‘05-inch wire, with 39 coils set to a length of 
5-25 inches, and the bolt has an internal square screw thread 
into which the bolt plug screws. 

The striker is in three pieces and consists of the firing- 
pin (82), the rear portion (33) on which the cocking piece is 
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formed, and a collar (34), which connects the two. The firing- 
jin is bored out in rear and has a circumferential groove cut 
(45) in the inside ; a head (36) is formed on the rear portion of 
(the alriker which passes through an opening in the side of the 
living-pin and les in this groove; the rear portion and firing- 
jin uve kept together by the collar (84) which is pressed forward 
vvor the joint by the mainspring. The rear portion passes through 
the bolt plug (37), the front end of which forms the rear bearing 
lov the mainspring. The cocking piece has only one bent (28a) 
ind has a milled head (38) for cocking by hand. 

The striker passes through the bolt plug (37), which screws 
into the rear portion of the bolt, and against which the main- 
ipring bears at (39). The plug is bored ont from the rear 
lov the cocking piece, and has a slot (40) in it underneath, 
lor the cocking toe to travel in. On top it extends over the 
holt. A small spring catch (41) on this portion engages in a 
recess (31), in the flange of the bolt, and prevents the bolt plug 
Irom unscrewing when the breech is open. 

The extractor (42), a long flat spring, is fixed by a dovetail 
(o a split ring (43) which works in a cannelure cut round the 
holt. A projection (44) on the front of the extractor works 
in another small cannelure, cut in the front of the bolt, and 
prevents the extractor being drawn to the front. The bolt is 
thus free to revolve without the extractor during primary 
oxtraction, as the extractor is held in the groove (13) on the 
right side of the body. 

he stem of the safety bolt fits into the cylindrical hole (45) 
in the bolt plug. There is a small spring stud (46), under the 
forward end of the thumb piece, which works in a groove (47) 
in the bolt plug over which it projects. The front end (48) of 
the stem is cut away in two places; when the thumb piece is 
turned over to the right (safe), the part of the stem not cut 
way, turns into a recess (48a) in the rear of the bolt, thus 
preventing the bolt lever being raised. The rear portion has 
(wo circumferential ribs (49) which are cut away in one place; 
these ribs turn into recesses (50), cut in the cocking piece, and 
prevent the latter going forward except in the position ‘‘ Ready.” 
Thus, if the thumb piece (51) is turned over to the left (ready), 
the rifle can be fired and the breech opened for loading. If the 
(‘humb piece is placed upright, the breech can be opened, but 
the vifle cannot be fired. If thumb piece is:put over to the 
‘irht (safe), the rifle cannot be fired, and the breech cannot be 
Ope ned, 

' ‘The retaining bolt (20) lies longitudinally in a recess in the 
loft side of the body. A spring stud (52), similar to that in 
(he safety bolt, limits its motion. The stem is cut away in two 
places longitudinally, in one place (53) for its whole length, and 
in the other (54) for a limited amount of its length; if the 
(humb piece is put down (off), the part of the stem, which is 
not ent, prevents the bolt being withdrawn sufficiently far to 
onnble the cartridges to rise from the magazine, as the left lug of 
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the bolt comes against stem of safety bolt which projects into the 
boltway. If the thumb piece is put right up (on), the portion 
of the stem, partly cut away, projects into the boltway and 
allows the bolt to come back far enough to clear the cartridges 
jn the magazine. If the thumb piece is put horizontal the side 
of the stem, completely cut away, <3 inside and the bolt can be 
withdrawn. 

The ejector (21) fits in a slot on the left of the boltway, and 
is pivoted at its rear end. On drawing back the bolt the point, 
which is a thin blade, passes through the slot in the left bolt 
lug. The rear of the latter then comes against the broader 
part of the ejector in rear, turns it on its pivot (55), and forces 
the point inwards under the base of the cartridge case, which 
is then ejected by the further movement of the bolt to the rear. 

The sear (56) is pivoted by meaus of a pin (57), to two ears 
formed on the underside of the body. Its nose (58) projects 
into the slot (59) in the tang of the body, and is pressed 
upwards by a small spiral spring, fitting im a recess at the 
forward end. 

The trigger (60) is pivoted to the sear by the pin (61). It 
has two projections (62), on its upper surface, which bear in 
succession against the underside of the body, and produce the 
double pull-off, fully described in the Austrian Mannlicher. 

On raising the bolt lever the bolt is revolved to the left, the 
extractor being held i mmovahle by the groove (18) on the right 
of the body, till the flange (30), on the rear of the bolt, comes 
in contact with the cam (63), in rear of the cylindrical portion 
of the body, and the bolt is forced slightly to the rear taking 
the extractor with it and causing primary extraction. On 
drawing back the bolt the lug (14) on the left strikes against 
the rear of the ejector, forcing the point inwards; on drawing 
the bolt further to the rear the base of the cartridge strikes 
this point and is ejected. 

There is no cut-off in the ordinary sense, the retaining bolt 
acting as such by preventing the bolt-head clearing the 
cartridges in the magazine when set to “ off,” see above. 

The magazine is the same as that in German, Spanish, and 
Turkish Mausers described previously on page 48, and shown in 
figures Q and R, Plate XVI. 

The stock is in one piece without pistol-grip, but with fore- 
end grooves for the fingers and thumb of the left hand. The 
stock and body are secured together by two screws passing up 
from underneath, through the ends of the trigger guard. 
There is « handguard extending from the rear end of the 
barrel to the lower band. This is secured by two bands which 
encircle the barrel. 

The upper band (64) is secured to the fore-end by a screw 
(65) passing through it. It is longer than ustial, and has a 
strap at either end, passing over the barrel. On its underside 
in front there is the ‘usual sword-bar (66), and in rear a piling 
swivel (67) similar to that on the Lee-Hnfield Rifle. On the 
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lower band is pivoted a sling swivel. ‘The other sling swivel 
passes through a boss on a plate, which is screwed to the under- 
vide of the butt. No cleaning rod is carried in the rifle. 

V'ho lower band is held in place by a spring let into the 
liveond. A front sight protector (68) is provided, made of 
lulled and tempered sheet steel. 

‘he sword bayonet, pattern 1905, has a knife-shaped blade Sword 
‘bout 16 inehes long, sharpened on one side for its whole bayonet. 
longth, on the other side for 5 inches from the point. 

‘he crossbar, grips, and pommel, are similar to those of the 
bayonet used with the Lee-Nnfield Rifle. 

A scabbard éatch is provided, operated by the same spring as 
ihe bayonet catch, the thumb piece of which is on the underside 
of the grip just behind the guard. : 

lor weights and dimensions, see Table [V, Appendix. 
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CHAPTER V. 


CoMPARISON OF THE PRINCIPAL Components oF Mopern 
Mturrary Rieves. 


The different forms of rifling now used are described in 
Chapter II and the length and weight of the barrel is discussed 
in Chapter III. Barrels used to be longer than they now 
are— 

I. Onaccount of the importance of length in bayonet fighting, 
which was then much more likely to occur than it is now in 
the days of long range magazine rifles. 

TI. Because formerly when firing in two or more ranks, @ 
short barrel might wound or deafen the men in the front rank. 

TIT. Because the efficiency of the powder was less, the 
windage was greater and the necessary velocity could not be 
attained in a short barrel. 

The following table shows the decrease in length of the 
barrel in English and German breech-loading rifles :— 


ENGLAND. 
Year. Inch Barrel. 
Snider .. eg Pes a es 1853 39 
Martini-Henry ee re , 1871 33:2 
Lee-Metford .. 3 a ai 1889 30°197 
Short Lee-Enfield <8 aS af 1902 25°197 
GERMANY. 
Year.  Tnch Barrel. 
Dreyse needle gun es Af ad 1841 35'4: 
Mauser .. Ar is a We 1871. 33°46 
Mauser and Commission 4 i 1884 31°65 
Rifle Pattern .. oF Ns tie 1888 29184 
1898 29°05 


” ” oe oe oe oc 


Lightness, correctness of balance, and handiness are of great 
importance now-a-days as they tend to improve snap shooting, 
which appears likely to assume increased importance as the 
deciding factor in an action. The barrel must, however, have 
sufficient length, to give the requisite velocity without using an 
excessive charge, and to keep the sights sufficiently far from 
the eye and from each other, to allow of accurate aim being 
taken. 

Barrels are thickest at the breech end, on account of the 
pressure of the gas falling as the bullet moves up the barrel. 


Digitised by the Vickers MG Collection & Research Association 


_— 


105 


The thickness of the barrel is always considerably more than 
‘he pressure of the service cartridge requires; if it were not 
‘0, any abnormal pressure, such as might be produced by a plug 
ol dirt in the muzzle, or the envelope of a bullet in the bore, 
inight lead to a burst barrel, and injury to the firer, instead of 
merely a bulge in the bore. 


Various processes have been tried to make barrels stiffer and 
liurder, so as to enable them to resist the friction of the envelope 
of the bullet, the erosion of the powder, the wear and tear of 
cleaning, and the effect of blows. The Marcotty system of 
rolling the barrel blank a great number of times, at a low heat, 
is used in Germany and elsewhere on the Continent; it has the 
ollcct of improving the physical properties of the steel. Some 
nitions, such as Russia, oil-harden the barrel, by heating it in 
« bath of molten lead, and then pumping vegetable oil through 
it while suspended in a vertical position. In experiments 
carried out in the United States it was found that little if any 
increased resistance to tangential stresses, is given by oil 
lompering, at any practicable temperature, and that after firing 
»,000 rounds from a neutral, and from an oil-hardened barrel, 
(here was but little difference in the extent of the erosion. 

On firing a rifle the barrel commences to vibrate before the 
bullet has left the muzzle (see Chapter II], Part II). This vibra- 
lion exercises a very disturbing effect on the accuracy of the rifle, 
on account of the difficulty of ensuring that the fore-end shall 
influence the vibrations to the same extent at every shot. With 
(he “45 bore match rifle this difficulty was met by using a thick 
heavy barrel that did not vibrate easily, and by cutting short 
\he fore-end where it is gripped by the left hand. In the 
Manish Krag Jorgensen, the Belgian Mauser, and the German 
pattern 1888, rifles, the barrel is surrounded by a tube which 
louches it at the breech and muzzle ends only. ‘The advantages 
vlnimed for the barrel casing are-— 


|. It prevents the fore-end exercising a variable influence on 
(he vibrations of the barrel. 

¥, A warped fore-end is less easily able to bend the barrel. 

5, It affords a protection against blows. 

|, It acts as a handguard. 

5, The sights are brazed or soldered to the casing, the barrel, 
\hovefore, escapes this operation, which usually bends it 
elie htly. 

(. lt obviates the disturbing influence on the shooting caused 
ly the varying tightness of the bands. 

The barrel casing was given up by Germany on introducing 
ie rifle pattern, 1898. The following are found to be its 
‘linnd vantages :-— 

|, ‘lo keep the weight within the necessary limits, the casing 
li to be made too thin to act as an efficient protector. 
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It is liable to get injured by blows, and the sights get out of 
alignment with the axis of the bore. 

2. Rust is liable to set up within the casing. 

3. It is more difficult to strip the barrel. 

4. Increased expense in manufacture and repair. 

5. The thin barrel is less able to resist abnormal internal 
pressure without bursting; and it vibrates to a greater extent. 

The barrels of the German pattern 1898, the Spanish and 
Turkish Mausers, are turned down externally in steps, probably 
with the idea of breaking up the wave of vibration as it passes 
along the barrel. 

The condition of the muzzle end of the barrel is most 
important. If it is unevenly cut in manufacture, or worn away 
at one side by the pull-through, the gas will escape unevenly 
round the bullet, and tend to upset it as it starts on its flight. 


The sights of a military rifle should be strong, simple, quickly 
adjusted, and not liable to be shifted by the jar of recoil. They 
should be capable of being quickly and accurately aligned, and 
should be correctly graduated and fixed upon the barrel. 


Foresights.—The foresight usually consists of a barleycorn or 
blade dovetailed into the foresight block at right angles to the 
axis of the barrel (see Figs. 1 and 2). By adjusting the foresight 
to one side or the other, the rifle can be made to shoot correctly 
for direction. Barleycorns and blades of different heights are used 
by several nations, so as to be able to get the lowest elevation on 
the backsight correct, as minute variations in the stock and fit 
of the bolt may alter the jump of the rifle. When the lowest 
elevation is correct, the other graduations will be correct in 
normal weather, as they are definite heights above the lowest 
one. These heights are carefully worked out by repeated trial 
when the sighting of the arm is being settled. Another 
advantage possessed by adjustable foresights when compared 
with fixed ones, is that they can be hardened and tempered, so 
that they are much less liable to be injured by rough usage. 
If one does get injured it can easily be replaced by another. 

The foresight is protected by a fixed hood forming part of 
the nose-cap which goes round the barrel and over the sight. 

Backsights.—The form of backsight used in this country with 
the Snider, Martini-Henry, and with the Lee-Metford and Lee- 
Enfield magazine rifles, consists of a leaf, pivoted to the bed at 
the rear end and having at its front end a cap provided witha 
V for use at short ranges, with the leaf down. To adjust the 
sight, the slide is pushed forward and mounts the ramps on the 
bed. These ramps are in the form of steps in the Snider and 
Martini-Henry, each step representing an increase of elevation of 
100 yards. In the ‘303 rifles the ramps are curved, and slight 
increases or decreases of elevation can easily be given. The 
advantages of the steps are, that changes of elevation can be 
made by touch, without having to look at the figures on the 
side of the bed. For longer ranges the leaf is raised and aim is 
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(ikon over the Vin the slide, the latter being set to the gradua- 
fion lines on the face of the leaf. 


Wor target shooting the slide of the 303 magazine rifle can 
he turned over and aim taken over the straight edge, using the 
sutve line to give direction. This enables an accurate aim to 
he lakon; but it is not suitable for service, as the centre line is 
ipl to peb obliterated, and when it is in good order, it cannot 
ln soon when shooting out of a casemate, or from under shady 
‘roo, In Continental arms a V only is used, the centre line 
hoing considered unnecessary. 

Wie, 8 represents the backsight on the Russian 3-line rifle 

Fig. 8. 


Backsight of the Russian 3-line Rifle. 


I, is ona similar principle to that of the -303, but the leaf is 
linged to the front of the bed, and the ramps, which are cut in 
(tops, come on the outside of the leaf, instead of through the 
opening in it. 
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The advantage of using ramps is, that a considerable move- 
ment of the slide may be given to effect the very small increase 
in elevation necessary for each 100 yards at the short ranges, 
and by giving the ramps a suitable curve the spaces between 
the graduations may all be made equal (see the short Lee- 
Enfield rifle sight, Fig. 13, page 111). 

The slides of the Belgian, French, and Russian rifles, and the 
English long rifles maintain their position by friction only. The | 
slides of the Austrian pattern, 1895, Danish, the Roumanian, 
Spanish, and Turkish rifles and English short rifles are kept in 
position by the tooth of a catch engaging in suitable notches cut 
for it in the leaf. The advantage of the slide of the United 
States rifle (see page 99) is that it can be clamped in any position 
by means of a screw clamp. The slide of the charger loading 
Lee-Enfield can also be clamped at any desired elevation in a 
similar manner. 

Another form of sight is that used with the Austrian pattern, 
1888, the Dutch, Italian, and Swiss rifles (see Fig. 9). This 


Backsight of Dutch Rifle. 


type consists of a leaf, pivoted in front, between the high sides 
of the bed, it can be set at any graduation by means of a lever 
connected with the leaf; the sharp edge of this lever engages 
in notches on the high sides of the bed, and prevents the leaf 


oo 
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from moving. The end of the leaf is upturned at an angle of 
about 45°, and in it is cut the V. The advantages of this form 
are that the leaf is well protected by the sides of the bed; there 
is only one V and the sight scale is continuous from the shortest 
to the longest distance. If the rifle is let fall with the sight 
raised, the leaf can be knocked down without being bent. ‘The 
backsight of the German rifle pattern, 1898, described on 
page 43 has the following advantages, it is very strong, it has 
only one V, the sight scale is continuous, the notches for the 
teeth of the slide are a good distance apart, and the spaces 
between them are equal, so it is as easy to adjust the sight at 
the short ranges as at the long. 
The foresight blocks of most of the older rifles are brazed on 
to the barrel, while the back-sight bed is soldered and screwed 
on. The heating of the barrel necessary to effect this, particularly 
as regards the brazing, tends to bend the barrel slightly. The 
soldering also melts during rapid fire, leaving the backsight bed 
supported by the screws only, until the solder sets again, on the 
barrel cooling. To overcome these disadvantages, it has become 
customary to form the foresight block and the backsight bed with 
“ ving or tube underneath, which fits round the barrel (see 
Wig. 10). This ring or tube is either soldered and screwed or 
pinned to the barrel, and forms a firm attachment for the sights. 


Fig. 10. 


ae 


Foresight of Swiss Rifle. 


The foresight is placed as near the muzzle as it conveniently 
can be, in order that the distance between the back and fore- 
sights should be as great as possible. This distance is termed 
(he radius, and the advantage of a long radius is, that if, when 
aiming, the foresight is not quite truly centred in the V, the 
rosulting error in direction or elevation is less with a long 
radius than with a short. The disadvantage of placing the 
backsight very far to the rear, in order to obtain a long 
sight radius, is that a great strain is thrown upon the lens 
of the eye in its efforts to focus rapidly theetwo sights and 
ihe object in turn upon the retina. The closer the backsight 
in to the eye, the greater is the required change of focus. 
When the backsight is too far to the rear, it appears indis- 
(inch and blurred while aiming, which more than neutralises 
(he advantage of a long radius. Generally speaking, the older 
ihe firer is, the less accommodation of sight he has, z.e., his 
vyo can less easily rapidly change its focus; therefore he 
requires a backsight placed a good distance from the eye. 
‘I'he backsights of the Danish, Italian, and Japanese rifles are 
placed rather far back according to our ideas. 
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The Austrian pattern, 1888/90, Danish, and English rifles. 
are provided with long range sights, the foresight being placed 
to one side of the barrel, and considerably lower than the ordi- 
nary central foresight. With the Austrian and Danish rifles aim 


Fig. 11. 


is taken through a V on the right side of the ordinary slide,. 
while the foresight is placed on the side of one of the bands. The 
English long range sights consist of an aperture sight on the 
left of the rear end of the body, close to the firer’s eye; when 
in use it remains at one fixed height. The foresight is carried 
on an adjustable arm, which can be set for distances from 
1,600 to 2,800 yards. The advantage of long range sights is: 
that the line of sight is lowered so as to obviate craning the 
neck or bringing the butt unduly lowon the shoulder at the longer 
ranges. In Fig. 11 A represents the line of sight when 
aiming with the lowest sight, say that for 200 yards ; B repre- 
sents the same when aiming over the slide at 2,000 yards; C 
when using one of the foreign long-range sights at 2,000 yards ; 


Fig. 12. 


Seale 4. 


and D when using the English aperture sight at that range. 
The latter enables the eye to be kept at a convenient height, 
which remains about the same for any distance between 1,600 
and 2,800 yards. In some foreign rifles, such as those of the 
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Mauser pattern, the stock has but little bend, in order to allow 
of aim being taken more comfortably at the longest ranges 
marked on the leaf. 

Wind-gauge backsights have not been adopted yet by any of 
ihe great Powers, except by Great Britain and the United 
States. 

ig. 12 shows the type of sight employed with the short Lee- 
infield Marks I* and IT Rifles. 

The backsight, Fig. 12, is provided with one V atthe rear 
ond. Hlevation is given by moving the slide along the stem of 
the leaf so that it travels up the curved ramps which are 
arranged so thatthe graduations are equally spaced. The slide 
is provided with a tooth on either side which engages in notches 
in the side of the stem. The teeth are released by grasping 
the ends of the slide with the finger and thumb. ‘The bar 
carrying the V can be traversed to give wind allowance by 
means of the screw head A. 


Dryaym P 
in 
yy 


Iie, 13 shows the type of sight employed with the short Lee- 

lintiold Marks IIL and IV rifles, described on page 67. 

_ Drift has not a great effect on the shooting of modern small 
hove rifles on account of their flat trajectories, except at long 
‘inves beginning at about 2,000 yards; at extreme ranges the 
dvilt’ is very considerable. No attempt is made in military 

ivhts, except on those of the United States rifles, to give 
4n automatic correction for drift, but with some of the old 
line bore rifles, such as the French Gras rifle, where the 
ivajoetory was more curved, the V’s were placed slightly to 
vue ide, to give the correction for drift at the mean range at 
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which they were used, e.g., the V used between 400 and 1,200 
metres had the correction for drift required at 800 metres. 

Telescopic sights for rifles are being experimented with in 
the United States, but have not yet been adopted. 

The body or shoe is the part of the rifle which screws on to 
the rear end of the barrel. It is bored out in line with the axis 
of the barrel for the bolt, which closes the breech end of the 
chamber. Under the body, beneath the rear part of the bolt 
the sear is attached. In rear of and below the breech end of 
the barrel is the opening by which the cartridges pass from the 
magazine to the chamber. In the Krag Jorgensen rifles this 
opening is on the left. In the Lee-Enfield and Lebel rifles 
which have the stock in two pieces, the rear end of the body 
has to be shaped so as to form a suitable bearing for the end of 
the butt, which receives the entire force of recoil. In the Lee- 
Enfield it takes the form of a socket into which the butt fits. 
Most of the other rifles such as the Dutch and Roumanian 
Mannlichers, the Japanese rifle, &c., transmit the recoil to the 
stock by means of a transverse projection underneath the body, 
into which the front guard screw is fixed. 

The recesses for the lugs on the bolt are formed just in rear 
of the entrance to the chamber, except in the case of the 
Austrian pattern 1888/90, the Lee-Knfield and the Swiss rifle. 
With these arms the hinged block on the bolt of the Austrian 
rifle, and the lugs of the others, engage in recesses in rear of 
the magazine way, and cause the greater part of the body to be 
thrown into a state of tension at every shot. 

The bodies of all rifles are cut away on the right to allow 
of the cartridge cases being ejected to that side, and to allow 
of the magazine being more easily loaded. This makes the 
right side of the body weak and causes lateral vibrations of 
the barrel, which throw the bullet to one side, and necessitate 
the foresight being placed to one side of the axis of the barrel. 
This is more particularly the case when the bolt lugs are in 
rear, as in the Lee-Enfield rifle. With the deep Lebel body the 
weakness of the right side is less marked. 

The object of the bolt is to support the base of the cartridge 
during firing. It is also employed to push the cartridge from 
the magazine into the chamber, and carries the firing and ex- 
tracting mechanism. 

Bolts are divided into two groups, viz. :— 

I. Those in which the bolt is rotated by raising the bolt 

lever before the bolt can be withdrawn. 

Il. “ Straight-pull bolts” or those that can be drawn back 

by pulling the bolt lever straight to the rear. 

Group I, or rotating bolts, are used by all nations except 
Austria, Switzerland and Canada, which employ straight-pull 
bolts (see pages 35, 95 and 260). The advantage of a rotating bolt 
is that a very powerful primary extraction or loosening of the 
fired case in the chamber, can be obtained by means of cams 
on the body working against the bolt handle or lugs of 
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(he bolt. If the bolt is supported by symmetrical lugs, as in 
ihe Swiss rifle and Austrian Pattern 1895 rifle, the lugs have 
‘o be rotated to clear their seatings, therefore complication is 
avoided by rotating the bolt directly by means of the bolt lever. 
On the other hand, the straight-pull bolts can be operated a 
trifle more quickly, and are more easily worked without 
vemoving the rifle from the shoulder; also the straight-pull bolt 
is less likely to be jammed by sand than a rotating bolt, for the 
latter draws the sand down between bolt and the left side of 
the body when it is opened, and occasionally causes @ serious 
jam, A Lee-Enfield bolt cover is useful in guarding against 
whis failure. 

Of the rotating bolts the Lee-Enfield is the only one with 
the lugs neav the rear part of the bolt. The disadvantage of 
this arrangement is that on firing the greater part of the body 
and bolt are thrown into a state of tension and compression 
respectively. This strain acting on the unsymmetrical central 
paurtof the body causes in a great measure the lateral vibra- 
‘ions, which necessitate the foresight being placed to one side of 
(he axis of the barrel, and which exercise a disturbing influence 
on the accuracy of the rifle. When the lugs are in front, the 
wymmetrical front part of the bolt and body resist the back- 
ward motion of the cartridge on firing, but the recess in which 
the lugs work is difficult to clean out if sand gets into it, as 
tmay happen in hot countries where dust storms occur. 

In order to get the mainspring and striker into the bolt, the 
front or rear end must have an opening as large in diameter as 
that of the mainspring. These openings are closed either by the 
bolt-head or bolt plug. The advantage of a bolt-head is that 
‘he extractor can be attached to it and can thus be prevented 
from rotating with the bolt. If the extractor rotates with the 
holt the end of the barrel has to be weakened by being cut 
iway to afford clearance for the end of the extractor. 

Another advantage is that if the end of the bolt be damaged 

hy defective cartridges, the repair is then more cheaply effected 
by exchanging the bolt-head, than by renewing the entire 
bolt cylinder. 

'T'he following powers employ bolt-heads which do not rotate 
vith the bolt :—Great Britain, Holland and Roumania. 

The disadvantage of this arrangement is that on account of 
‘he bolt-head coming between the end of the barrel and the bolt, 
(he locking lugs on the bolt are further removed from the 
furrel, and the body is lengthened unnecessarily; also, if the 
holl-head becomes loose through wear, the shooting of the rifle 
impaired. 

The French and Russian rifles have bolt-heads which carry 
‘he locking Iugs and rotate with the bolts. This system appears 
‘0 have no advantages except for repair purposes over that in 
which there is no bolt-head, as it is desirable that the bolt, espe- 

willy the front part, should be as solid and rigid as possible. 

Tho following rifles have no bolt-head, the mainspring and 
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striker being introduced from the rear, viz., the Belgian, 
Danish, German, Italian, Japanese, Spanish, Turkish and United 
States rifles. The Danish rifle has only one locking lug, which 
engages in a recess below the entrance to the chamber. Such 
an unsymmetrical arrangement must give rise to considerable 
vibrations of the barrel in the vertical plane. 

The front ends of the bolts of the Mauser rifles are dis- 
tinguished by their simplicity and strength. In all these rifles 
except the Belgian and Italian rifles the extractor does not 
revolve with the bolt. 

Of the three straight pull-actions described in Chapter IV 
the Austrian pattern 1888/90 rifle is the least desirable, as the 
single hinged block on the bolt that resists the backward 
movement of the cartridge, is unsymmetrical, being situated 
beneath the bolt. The seating for the block is behind the 
magazine, therefore the greater part of the bolt and body have 
to support the backward pressure of the cartridge on firing. 
Also the body and bolt are inconveniently long. The Swiss 
rifle has similar disadvantages except that there is a locking 
lug on each side of the locking sleeve; therefore the bolt is 
symmetrically supported. The Austrian rifle, pattern 1895, is 
more conveniently arranged, the body is of the ordinary 
length, the locking lugs are symmetrical and are placed at the 
forward end of the bolt. Primary extraction with these two 
last rifles is obtained by cutting the locking lugs and _ their 
seatings on a screw pitch, whereby the bolt is slightly drawn 
to the rear as they are unlocked, also by means of the hammering 
action of the rod or cylinder, to which the bolt handle is 
attached, when the latter is smartly drawn to the rear. 

Bolts work more smoothly backwards and forwards in the 
body, when they and the boltway in the body are a good fit, 
and well polished, also when the body encircles them well, and 
when they have a long bearing in the body when fully drawn 
back. The hardening of the bolt and body renders a very close 
fit difficult of attainment, as the hardening causes both com- 
ponents to warp slightly, therefore a small amount of play has 
to be allowed. 

Double loading is said to occur, when, on pushing forward 
the bolt there are two cartridges ready to be introduced into 
the chamber at the same time. This occurs through excite- 
ment or carelessness on the firer’s part as follows :—If the bolt 
is so constructed that the extractor does not at once engage 
the cartridge as it rises out of the magazine, and the bolt is 
drawn back before the cartridge is home in the chamber, then 
when it is pushed forward again another cartridge is pushed 
out of the magazine while the first one remains partly in the 
chamber and a jam results. 

To enable the extractor at once to engage the cartridge as 
it rises up out of the magazine, the head of the cartridge should 
be free to rise up the face of the bolt or bolt head so that the 
rim at once passes under the claw of the extractor. For this 
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reason bolts and bolt heads that are recessed on the face have 
the lower part of the rim of the recess cut away. The French 
and Russian bolt heads are exceptions to this rule, as their 
magazines are so arranged that another cartridge cannot he 
fed up from the magazine until the bolt has been fully closed 
and the bolt handle turned down, in which case the extractor 
is sure to have sprung over tbe rim of the cartridge. Another 
form of double loading occurs when the bolt is not fully drawn 
back after firing, the empty case is then not ejected, but on 
pushing forward the bolt the top cartridge in the magazine 
will be fed forward. 

An interrupter is used in the magazine of the Russian 
rifle, to prevent the possibility of double loading occurring, 
through the extractor not at once engaging the cartridge. 

In Continental rifles, sach as the Mauser, Manulicher, Lebel 
and 3-line rifles, the bolt lever projects at right angles 
from the bolt in a horizontal direction. In the Lee-Enfield (see 
Wig. 14) it projects downwards; in this case the knob has not 


to be raised so far as to be turned vertically above the bolt ; 
but when the bolt lever is horizontal and rather long as in the 
Mauser and Mannlicher rifles, it comes very easily to the hand, 
without the eyes being taken off the object. Several of 
(he carbines, such as the French pattern 1890, and the 
(he Ronmanian carbines, have the bolt lever turned down (see 
Wig. 14), so that it may lie close to the stock, to allow of the 
woapons being easily inserted into the leather bucket carried 
on the saddle. This pattern is not easily operated when the 
attention is fixed on the object. In reloading, the right hand 
lus to travel from the small of the butt to the bolt lever, 
(herefore the nearer the bolt lever is to the small of the butt, 
(he more quickly it is gripped by the right hand. Fig. 15 
ives the relative position of Lee-Enfield and Lebel bolts; A A’ 
uhows the position of the knob of the Lee-Enfield rifle, when 
mised and lowered, while B B' represents that of the Lebel. 
When the bolt lever turns down in front of the shoulder in 
ihe body, as it does in the Lebel and Mannlicher rifles, it 
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would act as an extra resistance in the improbable con- 
tingency of the two locking lugs being carried away. 

It is important that an efficient arrangement should be pro- 
vided for stopping the backward travel of the bolt, to prevent 


Fig. 15. 


a 
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the latter being accidentally lost; this is especially needed 
when the rifle is carried muzzle upwards by mounted men, 
for on account of the continual jarring the rifle receives when 
carried on horseback, the safety bolt may be knocked out of 
the safety position, and the bolt lever knocked upwards, so 
that the bolt falls to the rear and depends entirely on .the 
retaining bolt to keep it in the rifle. In the Mauser, 
and the Dutch and Roumanian Mannlicher rifles the bolt is 
stopped by the tooth of the retaining bolt blocking the groove 
for the left locking lug. The Mauser retaining bolt is not at 
all likely to be accidentally withdrawn. In the Austrian 
1888/90 ‘rifle there is a similar arrangement, but the retaining 
tooth works in a groove in the left side of the bolt. In the 
Austrian 1895 pattern, the Italian and the Russian rifles, the 
retaining tooth is operated by means of the trigger, which is 
well protected from accidental blows by the trigger guard. 
With the Lee-Enfield rifle the bolt is stopped by the bolt-head 
striking the resistance shoulder, but it is possible that by a 
blow the bolt-head may be rotated free from the retaining 
spring, in which case the bolt will fall out of the rifle. The 
bolts in the Krag Jorgensen rifles are also stopped by the 
locking lug mecting the resistance shoulder, but before the 
bolt can come out the extractor spring must be lifted clear 
of the body and the bolt rotated to the left. 

The valne of a magazine rifle largely depends upon its 
magazine and the value of the magazine upon the method of 
charging it. The merits and defects of the various methods 
cf charging magazines are discussed in Chapter IT. The 
cartridges in a magazine loaded by a clip are raised by a lever 
pivoted at the front bottom corner of the magazine and 
operated by a flat spring. The lever must be narrow enough 
to pass freely, between the sides of the clip; the free end is 
either slightly rounded, as in the Dutch Mannlicher, or it 
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carries another small lever, operated by a flat spring, asin the 
Austrian and Roumanian rifles. In the latter form the front 
ends of the cartridge are better supported. Similar levers 
are used in the magazines of the Belgian and Russian rifles. 
In the short Lee-Enfield rifles, in the German, Spanish and 
Turkish Mausers the sliding platform is raised by a spring of 
ribbon steel of a zig-zag form. In the Japanese and Swiss rifles 
the sliding platform is raised by a wire spring, arranged in a 
zig-zag shaped coil. The sliding platforms of the above rifles 
have one side higher than the other, so that the cartridges in 
the two columns may be presented alternately at the opening 
from the magazine into the boltway. In the Spanish, Turkish 
and Japanese rifles the soldier’s attention is drawn to the fact 
that his magazine is empty by the face of the bolt being stopped 
by the end of the platform, on his attempting to close the bolt 
after extracting the last cartridge. This may occasionally 
prove useful in the heat of action, but is inconvenient when 
closing the breech with the magazine empty at drill. 

The advantages and defects of the Krag Jorgensen magazine 
are detailed in Chapter III. This type of magazine cannot be 
so rapidly loaded as those adapted for use with the chargers 
or clips shown in Plates LX[ to LXV. The plan of compress- 
ing the magazine spring before inserting the cartridge is also 
employed in the Canadian Ross rifle (see page 28). 

The stock is the wooden part of the rifle in which the body Stocks. 
and barrel are embedded for protection and convenience of 
handling. The wood most often used is Italian walnut; it 
must be thoroughly seasoned and dry when manufactured. 

The stocks of military rifles are usually made in one piece, 
but those of the Lee-Enfield and the Lebel are in two pieces. 

The advantages of stocks in one pieceare: The butt cannot 
become loose and shaky ; it is easier to take off the rifle; the 
body of the rifle can be made smaller, as it is not necessary to 
provide a socket or bearing for the butt to bear against (see 
the difference between the Lee-Enfield and Mauser or 
Mannlicher bodies) ; the body, stock and trigger guard can be 
securely joined together by two screws; and lastly no stock 
bolt is required. 

When the fore-end and butt are two separate pieces, if 
cither part becomes unserviceable it can be replaced separately ; 
this is an economy both during manufacture and after the 
stock gets into the service. The smali of the butt is 
strengthened by the steel stock bolt which passes through it. 

he fore-end is attached to the barrel by means of two 
bands which pass round the fore-end and the barrel, or round 
the fore-end and the handguard, enclosing the barrel between 
ihem as in the Swiss rifle. The lower band passes round a 
little in front of the backsight bed, and the upper band at the 
extreme end of the fore-end. The front end of the fore-end 
is usually protected by a sheet steel cap called a nose-cap. 
''he upper band generally carries the bar on to wkich the 
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pommel of the sword bayonet fits. In the German Mauser and 
short L.-E. rifles this bar is on the nose-cap, the sword 
bayonet does not touch the barrel, and so fixing bayonets has 
less influence on the elevation of the rifle than when it is 
attached to the barrel. 

In the Swiss rifle the fore-end and handguard do not touch 
the barrel in front of the backsight bed. A tube, called the 
barrel sleeve, is gripped between the front end of the fore- 
end and handguard, and the barrel passes through it; the hole 
in the sleeve is just large enough to ensure that the barrel does 
notjaminit. This method of manufacture prevents the wood 
of the barrel groove, between the two sights or the bands, from 
exercising any varying influence on the vibrations of the barrel. 

With the short Lee-Enfield rifle a different method of 
stocking is introduced to effect the same objects (see page 69). 

Handguards consist of thin wooden covers, which fit over 
the barrels of magazine rifles to prevent the hands being 
burned by the barrels after rapid fire. They are very necessary 
with magazine rifles unprovided with a barrel casing, on 
account of the rapidity with which such rifles can be fired, and the 
great heat generated by smokeless powder. ‘The rain is liable 
to get under them and cause the barrel to rust externally ; 
for this reason it is advisable that they should be easily remov- 
able, so that the barrel may be wiped dry when necessary, 
The Lebel, Belgian and Danish rifles have no handguards, 
and the Austrian 1888/90 rifle was only provided with a canvas 
and felt one after it was first introduced. This is an un- 
satisfactory material to use, on account of its holding moisture 
and its liability to become charred and spoiled by very rapid 
firing. The handguard for the Lee-Enfield rifle has riveted 
to it two curved springs of this form Q, which grip the barrel 
and hold the handguard on. The Dutch and Roumanian 
handguards are fixed on in a similar manner. The handguards 
of other military rifles generally fit under a projection on the 
backsight bed and under the lower band or both bands. j 

In the short Lee-Hnfield rifle the handguard is in two parts 
and extends from the body to the nose-cap. The rear part 
is secured by two curved springs riveted to it, which grip the 
barrel in rear of the backsight, the front part is gripped by a 
jointed band in front of the backsight, and the front end is 
held down by the nose-cap. It does not touch the barrel, 
except where the springs grip the latter. 

The butt should bend downwards below the uxis of the 
barrel produced, so that when the rifle is thrown up to the 
shoulder the head has not to be bent down inconveniently to 
align the sights for the shortest range. When the butt is 
rather straight it is more convenient for aiming at extreme 
ranges; for this reason the Mauser butts are rather straight, 
as no long range sights are provided. With a straight butt, 
however, there is more liability of firing over the object when 
snap shooting. 
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The butts should fit the men in order that the best results 
may be obtained whensnap-shooting. The average length used 
in the English service is 13} inches from butt plate to trigger, 
a proportion }-inch longer and }-inch shorter than this are 
also issued. The Italian carbine has a very short butt for 
convenience of carrying; it measures only 123 inches from 
trigger to butt plate. The Swiss rifle, in order to suit their 
method of deliberate fire standing, measures only 12} inches 
between the same points. 

For snap shooting a light rifle is necessary, therefore it is 
advisable, if possible, to carry the cleaning implements, such 
as the cleaning rod or pull-through in the soldiers kit or on 
his person rather than on the rifle itself. The short Spring- 
field rifle is provided with a butt trap, containing a metal 
oil-bottle, holding oil at one end and a pull-through at the 
other. We are the only other nation that carry the pull- 
through and oil bottle on the rifle. Other nations carry a 
cleaning rod with the exception of the United States, 
Austrians, French, and Swiss, who carry no cleaning rods on 
their rifles, although the Austrians carry one in three pieces in 
their kit. The cleaning rods are either full length or half length ; 
the former will clean the entire bore by using the rod from the 
breech and muzzle, but two of the latter must be screwed 
together before use. 
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CHAPTER VI. 


OvuTLINES or Manvuracrore anp Inspection or THE Service 
Rirte. 


Specification and Drawing. 


The design of the rifle having been decided upon, a specifica- 
tion and drawings are prepared to govern the manufacture and 
inspection. 

Whilst the object of the manufacturer is-to make a service- 
able weapon, well up to the specification, he has always to do 
so at as low a cost as possible. For this reason an independent 
inspection is given to the rifle, and the points that are con- 
stantly before the department charged with this duty are :— 

(1) Accuracy in shooting. 
(2) Safety and wearing qualities. 
(5) Interchangeability of components. 


Material. 


The specification gives particulars as to the material to be 
employed for each separate component. These materials are 
steel, iron, wood, and brass. 


Steel. 


Steel, the most important of the materials with which we 
are concerned, is a variety of iron containing carbon to the 
extent of from 0:05 to 1°5 per cent. Other substances are also 
present in varying proportions, but the carbon is the most 
important ingredient, and it is to the presence of the carbon that 
steel owes its most valuable property, viz., that by certain heat 
treatments and methods of cooling it can be brought to any 
desired state of hardness or softness. Steel may be classified 
as “mild” or “high carbon,” according as the amount of 
contained carbon is below or above about 0'3 per cent. As the 
property cf * hardening” increases, up to a certain point, with 
the percentage of contained carbon, a“ high carbon” steel is. 
employed for such important components as the bolt, cocking- 
piece, and sear, which have to resist considerable pressures, or 
have wearing surfaces. When the component is required for 
work of a springy nature, such as the cut-off, retaining spring 
for bolthead, or sear spring, a special quality “ high carbon” 
steel is employed, as this quality of spring cannot be imparted 
to a mild steel. For the barrel either “high carbon” or 
“mild ”’ steel may be used, but, in any case, the steel is of a 
high quality, and greater strength is required of it in its 
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mechanical tests than would ordinarily be the case with 
mild steel. The manufacturing processes, the difficulties of 
boring and drilling an accurate “tube,” have to be kept in 
view at the same time as the qualities that will give safety 
to the barrel under firing pressures. 

For the minor components, such as trigger-guard, nose-cap, 
screws, &c., a lower grade of mild steel is employed, which, 
though of ample strength, is cheaper and easier to work. 

The terms “cast” and “forged steel” are apt to be 
rather confusing. All steel is originally cast into an ingot, 
and by “forged steel” is meant that which has subsequently 
heen subjected to forging. A ‘forging is more expensive 
than a casting as involving more time and labour, but the 
lonsile strength and sounduess are increased by the work so put 
in, “Cast steel’? may apply to any steel that has not been 
forged, but in the trade this term has come to be identified 
with steel made, by a special process, in small quantities in 
crucibles. ‘As this particular process is mainly applied to 
‘high carbon” steels of good quality, it may generally be 
faken that this is the class of steel referred to when ‘ cast 
steel” is mentioned. 

Where toughness is the desired quality, as in the bolt-head 
and stock-bolt, a special “gun-iron’”’ is employed. This 
contains less carbon than the mildest of steel, in tact, approaches 
wrought iron in its composition. 

lor any particular component the following points have to 
he borne in mind in deciding which is the most suitable class 
of steel to use :— 

(A) The function of the component in the finished rifle. 

(8) The work to be performed on it in the manufacturing 
processes, and, conjvintly with this, the cost of 
material and wear of tools. 


‘he iron and steel are obtained in various forms, depeuding 
on the subsequent operations. Thus, for example, the bodies 
uve made from long rectangular bars, the trigger from bars 
whose cross section resembles the finished component, barrels 
ive supplied in “moulds” or round bars about one foot long, 
(he magazine cases are stamped out of sheets which are after- 
wards folded and brazed, the smaller pins are made from steel 
Wire, as is also the main spring, whilst the springs for the rear 
linndguard and magazine platfurm are made from “ribbon” 
epring steel, 

\n Inspector may take a sample of material at any time, 
ind subject it to chemical analysis and mechanical tests. 


Manufacture. 


The principal manufacturing processes are forging and 
iiichining, the former being employed as a preliminary to the 
latlor in those cases where the form of the raw material 
Hecossitates it. 
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Drop forging is generally employed. One end of the bar is 
heated to a cherry red, and brought roughly to shape between 
two dies specially prepared for each component, one being held 
in the anvil and the other in the steam hammer, which is 
allowed to drop on it. The finished forging may be arrived at 
by one or by a succession of operations, each bringing it 
nearer to the desired form. Whilst hot, it is cut off the bar. 
These are the first steps in the formation of such components 
as the body and bolt, and their object is to save the immense 
amount of cutting which would be required were the article to 
be cut out of the solid. 

The preliminary stages in the manufacture of the barrel are 
either forging or rolling, or both. The object here is to 
elongate the mould to the approximate length of the finished 
barrel, and also to shape the exterior. 

The rolling mill is of somewhat peculiar construction, ten 
pairs of rolls being arranged alternately vertically and 
horizontally, and in close proximity to one another; each pair 
of rolls is of different diameter and figure, depending on the 
work already done by the preceding pairs, and so arranged 
that the elongation is practically continuous. 

If the elongation is to be obtained by forging, a “ Ryder 
hammer” is employed, the heated moulds being held in tongs 
and passed by hand between pairs of semi-circular dies 
(graduated in size), the upper of which is rapidly moved up 
and down by means of eccentrics or cranks on a power-driven 
shaft. 

Whether forged or rolled, the barrel is afterwards re-heated 
at the breech end, and the “Knox form” obtained by drop- 
forging. 

The forging or rolling, besides its primary object, has the | 
effect of improving the homogeneity and structure of the steel, — 


Annealing and Pickling. 


In order to facilitate the work of cutting the component to 
the desired shape, it is usual, when possible, to reduce the — 
hardness of the material, temporarily. This is effected by 
anuealing. The finished forgings, for example for the body 
or the bolt, are placed in an iron box filled with vegetable — 
charcoal, and heated in a muffle for several hours, after which — 
the furnace is allowed to completely cool down. During this — 
process the interior is softened, but a hard scale forms on the 
surface, and this is removed by “ pickling,” 7.c., the forgings are — 
immersed for a short time in a solution of sulphuric acid and ~ 
water. This dissolves the hard scale, and the component is » 
then ready for machining. 


Machining. 


This is a general term, and comprises all the various opera- 
tions which are wholly or partially mechanically performed, 
and have for their object the reduction of the components to 
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{heir correct size and shape. In practically every case this is 
ollected by cutting, but there are several methods of applying 
the cutting tool, and the differences between them are indicated 
in the names of the different operations. The more important 
of these are turning, drilling, boring, slotting, milling, and 
shaping. 

Drilling consists in cutting a hole by means of a drill, the 
end of which is shaped to form the cutting edge or edges. 

Boring consists in enlarging a circular hole by means of a 
boring bar, the sides of which form cutting edges, or from the 
sides of which separate cutters project. 

In milling, a hardened steel wheel with a series of cutting 
odges on its rim, or on one or both of its sides, is revolved, and 
the work is automatically fed forward or rotated as the cutting 
progresses, 

In shaping, the work is held stationary whilst the cut is 
boing effected by the tool. This is given a reciprocating 
motion, but cuts only during the forward stroke. 

Slotting is somewhat similar to shaping, but the tool is given 
vertical motion, and the process is used for enlarging a 
circular hole (already drilled) in any required direction by 
(raversing the work, 

It is obvious that there must be a relative motion between 
(he tool and the work, and, further, that one or both of them 
must be moved to give the requisite feed to bring or keep the 
tool in contact with a fresh surface or portion of the work. 
Much ingenuity has been expended on the design of machines 
(o perform these motions automatically or semi-automatically, 
enabling large numbers of components to be made with a 
minimum of labour. It should be understood that the ‘ cut,” 
or amount removed, is necessarily small, and that, therefore, a 
large number of varied operations have to be performed on 
euch component before it is brought to the correct size and 
dimensions. It is one of the chief objects of the factory staff to 
10 arrange the sequence and number of these distinct operations 
wu to keep down expenses to a minimum. 

It is not to be supposed that a machine once adjusted to 
porform a certain operation is capable of repeating the same 
indefinitely, and reproducing in large numbers components in 
ny particular stage, all absolutely identical. The wear of the 
oulters and fixings proceeds slowly but surely, and it. becomes 
necessary to fix manufacturing limits within which the 
vorviceability of the article is not appreciably affected. These 
limits, which are generally within a few thousandths of an inch, 
vary with the importance of the component and the stage at 
which it has arrived, and it will be understood that in some 
imtances no toleration (within the powers of measuring) is 
permissible, 

Gauging. 

‘hese considerations bring us to the necessity of gauging. 

This commences in the machine room, where the machine 
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hands are provided with gauges by which they can check the 
work being produced, and bring to notice the necessity for 
re-adjustments of the machine, or for tool-sharpening. Such 
work is performed by qualified fitters, and the gauges by which 
they are guided are of a higher order of perfection than those 
used by the machine hands. The machined components are 
viewed and gauged again by an independent staff. 

In designing a gauge for a component it is most important 
to consider with what other components it interworks or comes 
in contact, and what parts of each must have a definite size to 
ensure ease of assembly and interchangeability. Following 
from this it will frequently be found that a gauge, or a portion 
of it, resembles one or more of the components adjacent to that, 
shape and dimensions of which it is designed to check. The 
making of gauyes calls for exceptional skill, and their high 
price is commensurate with the degree of accuracy required. 
A special set of gauges, known as standards or reference 
gauges, are kept by the Inspection Department, and used with 
the greatest reservation for the sole purpose of checking the 
working gauges, and preventing the latter being used when 
wear or other causes have rendered them unreliable. Thus it 
may be seen that the whole question of gauging forms an 
intimate link between the factory and inspection staffs, 


Barrel. 
As the barrel is the most important component in the rifle, 


and as some of the operations in the making of it are peculiar » 


to it, they are worthy of more detailed investigation. The 
barrel is subjected to inspection in various stages, and the 
specification requirements at each stage serve as convenient 
points from which to review the methods employed to arrive 
thereat. Starting then with the forged or rolled barrel, it is 
first inspected in the ‘“‘fine bored stage.” It is viewed, and 
must take a plug *3U25-inch in diameter; the exterior must,be 
concentric with the bore, and must be generally of correct 
dimensions. The bore must be straight. Briefly, the processes 
the barrel has undergone are rough turning of the exterior, 
drilling, finished turning, polishing, and boring. As has 
already been indicated, it is the ever-present concern of the 
manufacturer to arrive at the desired end with the minimum 
of expense, and hence it by no means follows that the procedure 
in different factories as regards the sequence and number of 
operations are identical. ‘bus, for instance, the drilling may 
be started from both ends simultaneously, and be carried out 
in several distinct operations, or it may proceed from one end 
to the other without any break, and be completed in one 
operation. The drilling bits and boring bars slide horizontally 
along the bed of the machine whilst the barrel revolves. They 
are bored with a fine hole longitudinally, through which a 
cooling lubricant is pumped, and this washes out the “swarf”” 
or cuttings from the bore. The important considerations are 
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(hat the bore must be straight and concentric with the exterior ; 
il is the business of the factory, knowing how far they can 
(rust their own methods and machines, to take steps, such as 
intermediate viewing and setting, as shall ensnre this. The 
(ost for straightness depends upon the light and shade effects 
which may be seen upon the bright surface of the smooth bore. 
A line of shadow is thrown down from the muzzle to the 
breech, and this line must remain straight while the barrel is 
slowly revolved. Any bend or curvature in the line of shadow 
indicates a corresponding want of straightness at that point in 
the bore. A more modern test depends on the multiple 
veflections of the muzzle, which appear in a smooth straight 
bore as concentric rings. By suitable regulation of the amount 
of light which is permitted to strike the muzzle, this can be 
made an exceedingly delicate test, and the slightest want of 
cone entricity i is an indication that some correction is needed. 
This is obtained by setting. Barrel-setting was formerly 
looked upon as the work of a highly-skilled specialist, but, 
owing to improved mechanical methods, the degree of skill 
woquired is now considerably diminished. Having located the 
error, the older method (which is still largely in use) was to 
irike the barrel a transverse blow with a copper or brass 
hammer in the required direction, estimating the required 
iirength of the blow. But, in conjunction with the system of 
to sting by concentricity of rings, means are provided whereby 
the barrel can be mechanically bent to the necessary extent to 
overcome the former want of straightness. To test the 
concentricity of the bore and the exterior, the barrel is spun 
upon plugs entering the bore. 

The barrel is next inspected in the “rifled stage.” It is 
viewed, and must be free from greys and scratches; the depth 
id the pitch of the rifling are tested. The important feature 
of the rifling machine is the method of regulating the cut; this 
may be taken approximately as one-thousandth of an inch, 
ihus it is clear that the rifling of each groove requires, say, 
live to seven cuts to be made upon it. The cutter box 
(Wig. 16) is drawn through the barrel by means of the rod, 
A, ‘the tooth, B, of the Teutter taking out a shaving in its 
passage. The cut is regulated by ‘the rod, C, for when 
ihis is screwed outwards, the spring, D, in the cutter box 
hears on the cutter, and the slope, KH, on the cutter rides 
up the slope in the cutter box, and consequently the cutting 
looth, B, protrudes to’a greater extent. The rod, A, is 
rovolved mechanically to give the necessary pitch to the rifling. 

In the next stage the point of importance is to see that in 
lorming the screw, which afterwards enters the body, the 
relative positions of the thread and the flat on the Knox form 
ive preserved, so that the subsequent breeching up is correct. 

In the ‘first chambered” stage the cartridge chamber has 
twon bored to within ‘002 inch of the finished size, the extractor 
way has been cut, and minor machining operations, preliminary 
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lo the fitting of the sights, have been performed. When next 
iubmitted for inspection the assembled sight bed and the block 
hand foresight have been fitted, and the dimensions, fitting, 
und positioning of these are tested. 


Proof. 

At this stage the particular barrel, body, and bolt, which will 
afterwards form part of the same rifle, are first brought 
logether, and, being numbered, the action is completed with 
‘slave components ” which are kept for this purpose, the back 
sight is stripped, and the barrel proved. This is carried out 
with a proof cartridge, giving a pressure considerably above 
that to which the rifle is ordinarily subjected, and it is fired 
under conditions ensuring safety to the firer in the event of 
any portion failing to stand the test. The high pressure has 
the effect of setting up the chamber and the recoil shoulders of 
the bolt and body. Itis to allow for the consequent enlarge- 
ment that the first chambering is left two-thousandths of an 
inch small. 

Incidentally it may be noted that at this firing proof an 
intimate relationship is established between the recoil shoulders 
o! the bolt and body, and the fact that this affects the shooting 
of the weapon is the reason for taking pains to ensure that 
rifles always have their own bolt. 

After proof the barrel, body, bolt, and bolt head are 
oxamined to see that they are sound, and they are then 
marked with the proof mark (Vig. 17). 
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The barrel next comes forward in the ‘‘ browned and finished 
chambered” stage. Browning will be considered together 
with the other finishing operations. Since the proof the 
chamber has been brought to finished dimensions, and it is 
now gauged. In addition the bore is spun, for straightness, on 
rod of which only two small portions bear, namely, at the 
leech end and the centre of the bore; any want of straightness 
ii thus made apparent by a lateral movement of the muzzle 
ond. In addition the bore must be parallel from end to end, 
wnd take a ‘303 or °304 plug and reject a °305 plug. The 
hurrel and body (which has been browned) are then assembled, 
ind submitted in the “breeched up” stage; the relative 
positions of the flat on the barrel and the body are tested, 
wid the barrel and body, supported on a plug in the muzzle 
and another in the boltway of the body, are spun to ensure 
(heir axes being in alignment. Finally, the sights are com- 
plotely assembled, and the barrel is placed in a sight-testing 
machine, which enables the height of the leaf above the axis of 
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the barrel to be checked. This is done for 200, 500, 1,000, an 
1,500 yards’ elevation, and intermediate heights are checked by 
a profile gauge, which is applied to the ramps and checks their 
figure. The general working and fit of the slide and wind- 
gauge are also tested. 

There is one other operation which is peculiar to barrel work, 
namely, “lapping.” This is effected by placing a stopping of 
tow and a rod with a jagged end a few inches inside the 
muzzle, and pouring in molten lead. This sets in the grooves 
of the rifling and adheres to the rod, by means of which it can 
be worked up and down the bore, the rod being given a twist 
so as to follow the rifling. By the addition of a paste of oil 
and emery powder, which is carried by the lead plug, any 
small imperfections which may be present can be removed. 
This process must be used with discrimination, as it is clear 
that unlimited lapping will enlarge the bore considerably. 

This completes the manufacture and inspection of the barrel 
as a separate component. 


Finishing Operations. 

This term includes operations such as polishing and bobbing, 
which serve to give a finish to machining operations; the 
treatment of steel to give ib certain qualities ; and also the 
preparation of the surface to avoid rusting, and to give ita 
dull appearance. 

Polishing is principally used for the barrel, and is effected in 
this case by rapidly moving the barrel between spring clams 
faced with emery and oil. Bobbing consists of fine-grinding 
and polishing with rapidly-revolving emery wheels ; the work, 
if cylindrical, is revolved also, and is traversed to and fro in 
front of the bob. 

The treatment of the steel has in general two objects, 
namely, to harden it or to give it elasticity. Hardening may 
be used :— 

(1) To restore the tensile strength to a cast steel that has 
been softened for machining purposes. 

(2) To give a hard surface to. resist wear in cases where 
moving parts come in contact. 

(3) As a preliminary operation to tempering in spring- 
making. 


Hardening is invariably effected by heating the component 
(generally to about 740° C.—a red heat) and then cooling it 
more or less suddenly, or, as it is termed, ‘‘ quenching” it, in 
water or oil. This, however, leaves the steel so brittle that 
small components can be snapped between the fingers, and, 
therefore, for whichever of the above reasons hardening has 
been used, it is generally modified by subsequent tempering. 
This consists in again raising the temperature of the steel so 
as to partially soften it, and then allowing it to cool, or 
quenching it. The amount of temper to be given is governed 
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hy the purpose the component is to serve, and is regulated by 
the temperature to which it is raised, and the rate of cooling. 
li tempering springs, the temperature employed is about 290° C. 
\ bath of nitre or lead is sometimes employed as a tempering 
medium, 

Case hardening is used to give a hard surface, where re- 
quired, to those components made of iron or mild steel, which 
do not contain sufficient carbon to enable them to be hardened 
us has already been described. In these cases the parts are 
packed up in an iron box with bone-dust or shreads of leather 
(which forms the source of supply of the carbon necessary to 
olfect. the process), the lid of the box is sealed with fireclay, 
and the whole subjected to a lengthy heating at a considerable 
lemperature. They are then quenched in oil or water. 

The processes used for protecting the surface or for giving it a 
dull appearance are oil blacking, browning, and blueing. 

Oil blacking is effected by heating the component, and then 
dipping it in oil and allowing the oil to drain off; this leaves a 
black carbonaceous deposit on the surface. A similar process 
is blazing off, which derives its name from the fact that the oil 
iW ignited by the heat of the component. These methods are 
almost a part of hardening and tempering, to which they 
frequently form the sequel, the heating required for the former 
processes serving also for the latter, whilst the dipping in oil in 
the latter serves the double purpose of quenching the part and 
blacking it. Oil blacking and blazing off can, however, be 
carried out with mild steel, and these processes are used for 
nearly all the smaller components. 

Browning may similarly follow the hardening or tempering 
processes, or it may be applied direct. 1t is a chemical process, 
hy which the surface of the steel is given a dull, dark appear- 
unce by oxidation produced by acids used in the mixture. 

Blucing is limited to a few components, chiefly to be found 
on the dial and back sights. It is effected by oxidation of the 
surface by heat. The part to be treated is heated in charcoal, 
or in a bath of nitre and manganese dioxide. 


Stocks. 


Walnut is the wood most commonly used for stocks ; the wood 
i" received from contractors roughly cut to form, and, after 
oxamination, it is carefully stored to season for about three 
years. 

Amongst the machining operations the turning of the butt 
and fore-end on Blanchard lathes is particularly interesting ; 
in this machine the wood and an iron dummy shaped to repre- 
wont the butt or fore-end, as the case may be, revolve side by 
wide at the same rate. A wheel is kept in contact with the 
ummy, and by the protrusions or recesses thereon is moved 
wwiy from or allowed to approach the axis of rotation. The 
vutters are carried on the rim of a similar wheel, which is 
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rapidly revolved, and both this and the guiding wheel being 
supported in the same frame (which travels laterally) the cutters 
are constrained to follow the movements of the guiding wheel, 
and thus give to the wood a shape similar to that of the dummy. 

A similar arrangement is used for glass-papering the parts 
after the finished turning, but in this case the cutters are replaced 
by layers of felt and glass-paper giu ed on to the rim of the wheel, 
The finished butt and fore-end are both soaked in linseed oil for 
half-an-hour. The inspection of these components is left to the 
finished stage, when, in addition to the usual points, the quality 
and condition of the wood are looked to. 


Finished View. 
The assembly of the components to form the finished rifle 
calls for no special remarks. f 
The points of importance in the final inspection of the rifle 
are :— 

(1) To see that all components are complete, and are 
marked with a view mark, and number and proof 
mark where applicable. 

(2) To see that the various parts fit and bear correctly, 
and in this connection the fit of barrel, fore-end, and 
nose-cap, or “stocking up,” is of special moment; the 
object is to control the vibrations of the barrel on 
firmg, and to secure a common basis from which the 
sighting of the rifle has been carried out. Any 
difference in this particular must affect the accuracy 
of the weapon, and is therefore carefully looked to. 

(3) The working of the action is examined, and the 
magazine, charger guide, and extraction tested with 
the aid of dummy cartridges and fired cases. 

(4) The weight of the pull-off and certain springs are 
tested. 

(5) The general finish is examined, the aperture and dial- 
sights are tested, and the working of the slide and 
wind-gauge of the back-sight looked to. 

If satisfactory, the rifle receives the finished view mark, and 
is then sent to the range for testing. 


Testing. 

All rifles are fired at 100 feet, and 10 per cent. are also 
fired at 600 yards, any which give doubtful results at the 
shorter range being included among those tested at the longer. 
In both cases the rifle is held in a mechanical rest, designed to 
approximate to the conditions under which it is ordinarily 
fired as regards points of support, recoil, &c. Means are pro- 
vided for laying the rifle by hand-wheels, and with the aid of 
a special telescope laid on the blade of the fore-sight and 
bearing on the upper surface of the wind-gauge, a true, full 
regulation sight is obtained. After laying, and before firing, 
the telescope is carefully removed. 
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The following is the procedure in the firing test at 100 feet 
range yng 

Trial shots are first fired, and, if necessary, the fore-sight 
blade is adjusted laterally (within limits), or it may be replaced 
by a lower or a higher one as required. Five rounds are then 
lired, and four shots out of the five must come within a 
rectangle 1 inch broad and 1} inches high. Failing this, the 
rifle is not accepted, 

At 600 yards nine out of a group of ten shots fired must lie 
within a two-foot circle. 

After passing a satisfactory test the blade of the fore-sight 
is fixed by the top edge of the front of the stool of the block 
hand fore-sight being punched into a recess cut in the fore- 
sight. 

The rifles are once more given a general inspection, and are 
then packed and passed into store. 
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CHAPTER VII. 


Norzs on tHe SuHoorine or Rie.es. 


It is only within the last 50 years that the movement of the 
rifle on firing, and its effect upon the line of projection of 
the bullet, have been at all well understood. It was a great 
puzzle to those who first observed it, to find that sights care- 
fally adjusted to the axis of the barrel did not coincide with 
the line of departure of the projectile. The explanation soon 
offered itself; that the want of symmetry of the mass of the 
stock, action, and barrel led to its displacement under the 
blow of the explosion of the charge, and that, while some 
bending of the barrel took place, there was a tendency of the 
whole weapon to move round the centre of gravity situated 
below the axis of the barrel; and that these effects began to 
be exhibited before the travel of the projectile to the muzzle 
was completed. 

It seems to have been the phenomenon of the movement. 
of the barrel affecting the flight of the bullet which gave rise 
to the persistent belief of early artillerists that the first part of 
the flight of a projectile was in a line absolutely or practically 
straight; and, apparently in its turn, this belief gave rise 
to the theory of a “point blank” range. Tt was found that, 
when the bore had been carefully aligned on a mark, the 
projectile did not strike below it, even when fired from some 
little distance. On the assumption that the barrel did not 
move, it seemed evident that the shot could not be falling during 
the first part of its flight. There is no greater mistake, however, 
than to look upon a rifle as a rigid body incapable of 
bending. The barrel of a rifle is very sensitive to strains. 
Such a pressure as can be put on it by the finger will bend it 
perceptibly, so will the heat of a flame applied to one side of it. 
The barrel may be absolutely tight in the action, yet it has 
behind it the butt, which is very capable of bending under 
pressure. The wooden fore-end, necessary to take the strain of 
the bayonet, is liable to put pressure on the barrel at one 
or more points, and may even keep it in a condition of tension. 
The bands holding the barrel to the stock have a similar effect. 
if they bear tightly on the former. Supposing that the screw by 
which the barrel is screwed into the action be not perfectly true, 
the barrel will not have equal support all round, and it will be 
subjected to unsymmetrical strains when fired. Similarly, 
if the lugs on each side.of the bolt (which fit against shoulders 
cut for them in the action, and so take the force due to 


Digitised by the Vickers MG Collection & Research Association 


133 


pressure of the powder gases) be not perfectly symmetrical, so 
us to take their bearing simultaneously on firing, the small 
lateral movement which then takes place before they are both 
sharing the work, will be enough to give a lateral movement 
to the barrel, and will affect the direction of the flight of the 
bullet very noticeably, throwing it some minutes to one side or 
other of the prolongation of the central line of the barrel when 
at rest. The use of a bolt belonging to another rifle may in this 
way affect the accuracy of the sighting. In fact, it may be said 
that anything which interferes with the normal vibrations of 
the barrel will adversely affect the accuracy of the rifle, or 
will modify the sighting required. A rifle clamped in a rest 
will not shoot-to the same sighting as it will when held in the 
hands, and the effect of resting it near the muzzle, or upon the 
trigger guard (for instance), will be, as a rule, to vary the 
sighting. 

Variateems in the vibration may arise from other causes 
besides those already mentioned. During the passage of the 
projectile along the barrel, the gases pressing upon its base 
are giving it a constantly accelerated motion, and are at the 
same time exerting pressure in all directions upon the bore 
and the base as well as the sides of the chamber. In fact, the 
whole bore in rear of the bullet during its passage is expanded 
to a minute degree. The bullet, when it has once passed from 
the chamber into the rifling, fits tightly, and, so far as pos- 
sible, seals the bore, meeting a frictional resistance during its 
passage. Any variation trom one shot to another in the 
amount of this friction will affect not only the velocity of 
the bullet, but also the degree of movement which has been 
imparted to the rifle before the bullet has reached the muzzle, 
and, therefore, the direction in which the bullet is discharged, 
which forms the basis or zero of the sighting scale. Similarly, 
fm increase or decrease in the weight or composition of the 
projectile, or in the amount or rate of ignition of the 
explosive, will affect the “ zero” of the sighting scale more or 
less perceptibly. It does not necessarily follow, for instance, 
{hat because at short or moderate distances, the bullet strikes 
higher with one charge than with another, the velocity is 
actually greater or the trajectory flatter. The effect may be 
‘Ine to the bullet starting on iis flight at a higher angle; see 
oxperiment on page 215. The rifle must, in fact, be looked 
upon as being itself in a state of motion before the projectile 
has leftit. Its movements on firing are described in Chapter III, 
Part II. 

The actual and relative effect of these influences will, of 
course, vary largely under different conditions. A heavy 
lmrrel is less affected than a light one by equal strains. A 
heavy charge will set up in the same barrel more vibratory 
wnd general motion than a light one. When the velocity is 
low, on the other hand, the motion will have more time to 
‘lovelop itself before the projectile emerges, and consequently, 
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though it is less violent and rapid, the whole disturbance may 
be equally great. 

The general effect upon the sighting of the movement of 
the arm, may be to throw the bullet either above or below 
the line in which the axis of the barrel was directed at the 
moment before the ignition of the charge; the former effect 
has been called positive and the latter negative jump. The 
direction of the jump in any type of arm may usually be seen 
by inspection of the sights. In the revolver it is positive as 
is shown by the great height of the foresight. It is 
positive to the extent of about 10! to 12’ in the Lee- 
Metford and Lee-Enfield rifles, while in the Short Lee- 
Enfield rifle it is also positive and about 6’ in amount. In 
the Snider it was negative. A heavy projecting bolt lever 
will produce some lateral disturbance of the direction given 
to the projectile. So will any weight attached to one side 
of the barrel. In the Martini-Henry, the attachment of the 
bayonet to the right-hand side of the barrel at the muzzle 
deflected the bullet some 10’ to 15’ to the left. The 
attachment of the bayonet below the muzzle in the ‘308 rifle, 
has the effect of lowering the line of departure of the bullet, 
so that the 300 yards sighting gives about the proper elevation 
for 200 yards. 

The bayonet is not fixed on the barrel of the Short Lee- 
Enfield rifle, but on the nose-cap only. Fixing the Pattern 
1903 bayonet with a 12-inch blade has no effect on the elevation 
of the Short rifle; but the Pattern 1907 bayonet of the same 
weight, but with a 17-inch blade, causes a slight drop in the 
shooting, owing to the greater leverage it exerts when the rifle 
jumps on firing. The drop amounts to 4 inches at 300 yards range. 

No rifle will shoot with absolute accuracy, even under the 
best circumstances. Leaving out of account the influences 
which affect the flight of the projectile after it has left the 
muzzle and which are dealt with in Chapter 1V, Part II, it 
seems impossible to reproduce with absolute accuracy from 
one shot to another all the circumstances which precede the 
delivery of the bullet into the air. When it is considered 
how many variable elements are involved, it is perhaps to be 
wondered at that any degree of accuracy is attainable. The 
whole arm is actually moving, as has already been stated, 
when the bullet quits the barrel. However careful the manu- 
faciure, there are inevitably minute variations in size in the 
various parts of the cartridge. The weight of the bullet 
varies within small limits, so does that of the explosive and of 
the igniting chargein the cap. The rate of ignition is not always 
thesame. The friction which the bullet encounters in the bore 
is not absolutely uniform; bullets vary slightly in diameter, 
and the resistance they meet with depends in part upon the 
condition of the surface of the bore. This does not remain 
uniform during the series of shots. 

It is also certain that some rifles shoot more accurately than 
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others. Any unnatural “set” of the barrel, putting the 
particles of metal at some point in it, into a state of strain, 
may be taken to complicate the vibrations. It has already 
been mentioned that anything which grips the barrel tightly, 
will have the same effect. There are small differences in the 
diameter of the barrel and dimensions of the grooves, within 
the narrow limits allowed in manufacturing. These are 
probably in part accountable fcr the difference in accuracy 
between one rifle and another. 

The capacity of military rifles to shoot accurately did not, 
until recent years, correspond even with the degree of accuracy 
of which the human eye and hand were capable. The usual 
mode of testing both rifles and ammunition is to attach the 
rifle to a mechanical rest and observe the size of the group 
made by a given number of shots. Such groups are of 
course much affected by wind and weather, and the shoot- 
ing should if possible be carried out in a covered-in gallery. 
Comparisons drawn from single groups are apt to be 
misleading; the same rifle will often perform unequally, 
shooting in one series of shots very accurately, at another very 
indifferently, when all the circumstances seem to be exactly 
the same. The errors of aim made by a skilled shot, firing 
with fine sights from a rest, or in a steady position, are so 
small that a group of shots fired by him will not as a rule be 
materially larger than one obtained from the mechanical rest 
with the same rifle and ammunition. 

The group of shots made by a good rifle is approximately 
circular, and at short ranges all the shots should be con- 
tained in a circle subtending about 3’ at the muzzle, 
the bulk of them being well in the middle of it. With 
ammunition giving irregular velocities, the group will tend 
to be somewhat elongated vertically and to be oval instead of 
round. : 

Under circumstances in which the flight of the bullet is 
not affected by wind, the group will usually consist of a well- 
packed central patch, in which the bulk of the shots are more 
or less evenly distributed, and from which the remaining shots 
have wandered decidedly in one direction or another. In the 
contral part of the group the shots are distributed with fair 
regularity, and there is not the tendency which has sometimes 
heen imagined for them to increase in frequency to the absolute 
contre of it. The experiment of firing a series of shots 
through a number of screens shows that the central shots of 
the group do not necessarily retain their relative positions 
through the whole course of their flight. This proves that the 
path of any given shot, though conforming on the whole 
closely to the theoretical path, makes small but irregular 
dloviations from it. When firing at a series of thin paper 
ucreens, placed one behind the other, 25 yards apart, on each 
of which is a vertical line in the same plane as the line of 
wiht, ib is found that the distance from the vertical line of the 
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holes made by some of the bullets gradually increases and 
diminishes. This erratic deflection is probably due to an 
unsteadiness in the spin of the bullet, which causes the point 
to. gyrate. The resistance of the air then acts with greater 
force first on one side of the bullet, then on another, and causes 
the bullet to deviate, making the trajectory assume a somewhat 
cork-screw form. Any shots which are wide of the central 
group will, as the range increases, usually be found to deviate 
from it beyond the strict proportion due to the distance. 

One important factor affecting the shooting is the condition 
of the bore, As soon as the surface of the rifling loses its 
smoothness, whether from rust or wear, the accuracy suffers. 
The want of smoothness no doubt entails irregularity of 
friction. The enlargement of the barrel by wear likewise 
affects the regularity of the shooting, probably in part because the 
sealing of the bore against the passage of the gases is imperfect. 
This process of enlargement is mainly due to the erosion of 
the metal. In rifles of ‘45 or larger bore, firing black powder, 
the pressures were not very high, and the metal was not 
materially affected by the action of the powder gases. The 
surface if scrupulously cared for, could be perfectly preserved 
for many thousands of rounds, and a rifle which had been in 
frequent use for several years showed practically no enlargement 
and no loss of accuracy. The case is very different with the 
small calibre rifle of the present day. The explosive, which 
burrs under very high pressure, has a destructive effect upon 
the surface of the bore, especially towards the breech end. 
This effect is especially marked with propellants such as cordite 
or ballistite, which contain nitro-glycerine, because of the very 
high temperature at which they burn. The increased wear 
and tear which they cause is part of the price to be paid for 
their. keeping qualities, and their stability under varying 
climatic conditions. 

The lead or coned part from which the bullet passes into the 
rifling and which lies immediately in front of the cartridge case, 
first shows signs of damage. After one or two hundred rounds 
have been fired with cordite, slight wear begins to be discernible, 
the edges of the rifling get a little rounded, and the front edge 
of the “lead” is slightly smoothed off where it meets the lands 
of the rifling. With further firing, the destruction of this part 
of the bore continues at an increasingly rapid rate, until the 
lead is so much enlarged that it is impossible for the bullet to 
seal the bore as it enters the rifling, and the gases escape round 
it as it leaves the cartridge and before it has taken the grooving. 

At the muzzle erosion is also active, though in a less degree 
because the pressures are less. It is evident that as the bullet 
quits the muzzle the gases escape round it with great violence, 
and particularly so when its base is only just clear of the barrel. 
Thus it will happen that at every shot a minute portion of the 
metal of the barrel is removed, and each time the damage is 
carried a little further back than the last. Thus there proceeds 
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« gradual enlargement of the bore from the muzzle backwards, 
while a much more rapid enlargement proceeds forwards from 
(he part of the barrel in front of the chamber. 

The following details of an experiment on the progress of 
erosion in the Lee-Enfield rifle with cordite ammunition show 
ils general course. 

When the experiment began the barrel tcok the 303 plug. 

1,000 rounds produced a very slight enlargement of the bore. 
The 303 plug ran freely in the muzzle, and the ‘304 plug 
entered the rifling at the breech }-inch, the lead being somewhat 
damaged, 

After 3,000 rounds the 304 plug would enter }-inch at the 
muzzle, and at the breech the °303 plug 14-inch, and the 304 
plug more than }-inch. The rifling showed decided wear at the 
breech. The lead was now 38;-inch deep and decidedly eroded. 

After 6,000 rounds, the *304 plug entered the muzzle 7%-inch 
and the breech 14-inch, the *305 plug entering the breech 4-inch. 
The rifling was much worn at breech. The lead was now 
;-inch deep, the large cone and bevel of small cone y;-inch 
<leep. Erosion of the lead was increased. 

After 9,000 rounds, the *804 plug entered the muzzle }-inch 
and the breech 1}-inch. The *305 plug entered the latter 
}-inch, and the °306 plug 4-inch. The rifling was badly worn 
at the breech and considerably so at the muzzle. The lead was 
now +%;-inch deep, the large cone and bevel of small cone 
y'y-inch deep. The erosion at the lead was great. 

After 12,000 rounds the state of the barrel was very bad. 
The *804 plug entered the muzzle 44 inches, and the 306 plug 
‘;-inch. At the breech, the ‘304 plug would enter 19 inches, 
the *305 plug 12-inch, the °306 4-inch, the ‘307 32-inch, the °308 
vj-inch, the 3809 8-inch. The rifling was very badly worn at 
the breech and much worn at the muzzle. The lead was 32-inch 
deep, and in fact destroyed. The bevel of the small cone 
(destroyed) was #;-inch deep and the large cone 3';-inch deep. 
The erosion at the lead was bad. The rifle was now quite unfit 
for further use and the experiment ended. 

The figure of merit, i.e, the mean deviation of each of 2 
groups of 10 shots at 500 yards, fired after every 1,000 rounds, 
is given below, and also the observed velocities at 90 feet from 
fhe muzzle. The gradual falling-off in accuracy and velocity 
will be noticed. 


Taste I. 
Figures of Velocity, 
Merit in 90 feet from 
feet. Muzzle. 
After’ 1,000-ronnde «<4 { mG \ 2,012'2 
2,000 a oA gba 
” ? ” Pe . 54 sf ? 
y te) o 
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Taste I--continued. 


Te rae 

feet. Muzzle. 

Reise 4,000 e6uha i. { ee \ 1,985-0 
RE IEE: 8, { ce } 1,983°5 
CT MOOT i { iy } 1,929°4 
Lae 4 ; { iB \ 1,922°6 
LORD ES { the \ 1,944°6 
ES iNOS aiieiles oy 1 Mh } 1,921°9 
OWI) ee, { te 1,912°9 
fea 4 Riss ete { ve 1,873 7 
gobo: f { Nae 1,885°7 


Throughout the experiment there was almost constantly 
present at the muzzle what is known as metallic fouling. This 
is a metallic deposit arising, it would seem, primarily from the 
envelope of the bullet, minute particles of which become 
deposited upon the rifling owing to the friction which takes 
place while the bullet passes along the bore. Bullets sheathed 
in Cupro-nickel will often leave in the muzzle, principally 
on the lands, a whitish streak, and those sheathed in copper a 
yellow streak, easily recognisable as corresponding with the 
material of which the envelope is made. It is possible that 
when erosion is proceeding rapidly, the metallic fouling may be 
increased by the deposit in the upper part of the barrel of 
particles of steel washed off from the breech end, and even of metal 
from the front part of the cartridge case. This metallic fouling 
accumulates under some circumstances sufficiently to reduce 
the diameter of the forepart of the bore by ‘001l-inch or more. 
It is evident that such a deposit must effect the amount of 
frictional resistance met with by the bullet in its passage 
through the bore. However it may arise, there can be little 
doubt that metallic fouling is undesirable when extreme 
accuracy is of importance. In rifles firing black powder and 
leaden bullets, it was found necessary, to prevent the deposit 
of lead on the surface of the bore, to wrap the bullet in a 
paper patch or to grease it heavily. The fouling or deposit 
of the products of combustion was likewise a great source of 
inaccuracy. The latter difficulty may now be said to have 
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disappeared, for the combustion of cordite leaves practically no 
deposit. 

The effect of wind is by far the most difficult element to 
contend with in shooting at known distances. It affects elevation 
(see Chapter V, Part II) but its most material effect is in the 
lateral deflection of the bullet. Its influence on the flight of a 
projectile naturally varies according to the weight of the latter 
and the area on which the wind acts. Thus, the bullet of the 
‘303 weighs 215 grains and that of the Martini-Henry 480. 
But the surfaces which they expose to a side wind are 
approximately as 2 to 3; consequently ceteris paribus it would 
seom that the former should be much more affected by a side 
wind than the latter. And this is in fact the case, for the 
allowance to be made in a cross wind up to 1,000 yards is actually 
rather greater for the ‘303 bullet, although it is in flight for a 
much shorter time. Thus for 1,000 yards the time of flight of the 
Martini-Henry bullet was considered to be 3°32 seconds, while 
that of the °308 is about 2°37 seconds. The time during which 
the bullet is exposed to the motion of the air is therefore greater 
in the case of the former in the proportion of 7 to 5. It should 
further be noted that the bullet having the more curved 
trajectory rises to a greater height, and so usually into more 
rapidly moving air than the other, for the earth-drag impedes the 
free flow of the current. 

As the angle made by the wind with the direction of the 
bullet varies, the proportionate effect on the range and on the 
lateral deviation will also vary. Unless the wind is approxi- 
mately up or down the line of fire, or nearly at right angles to 
it, a combination of the two effects will have to be allowed for. 

If we adopt the usual custom of referring the line of fire 
to the direction on a clock face from VI towards XII, a wind 
of a given strength will require for a given range very nearly 
the following proportionate allowances according to its direction, 
Wades 

If from XI, I, VII, or V, it requires an allowance of 1 inch, 
then being of equal strength from 

X, LH, VII, or IV, it will require 2 inches, 
and if from IX, or III, it will require 3 inches. 

'The following table is calculated by Captain J. H. Hardcastle 
(late R.A.), for the 303 rifle under normal conditious (initial 
velocity 2,000 £.s., barometer 30 in., thermometer 60° F.). It 
summarises the degree of variation in the weather conditions 
which will require a change of + 1 minute of elevation at 
various distances up to 2,000 yards, and also the amount of 
change which will be met by varying the sighting 25 yards :— 
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| 
+ 1-minute elevation is required to counteract | dg + 25 yards on sight is required to counteract 
a change of— | ‘3 | a change of— 
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374 5 13 0°083 | 0} | 2000 5 13 3°3 | 0°25 ll 36 7-4 

| 
~ — E  e e  eene  ES Ee 


Table of corrections for elevation. 
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The time of flight of a projectile for any distance depends 
hoth upon its initial velocity and upon the rate at which it 
loses its velocity. The latter is governed principally by the 
weight and diameter of the bullet, but will also be affected by 
its shape. The general shape of the curve of loss of velocity 
shows a steep inclination at the higher velocities, and a gradual 
one at the lower, the resistance of the air diminishing in a 
much more rapid proportion than the velocity. 

In firing at an object in motion, the time of flight of the 
bullet must be taken into account, together with the interval 
between the actual instant at which the trigger is pressed and 
that at which the bullet quits the muzzle and commences its 
‘light. The latter interval is very nearly constant, and con- 
sists of (0405 seconds from the release of the sear to the impact 
of the striker on the cap, and of ‘00129 seconds more to the exit 
of the bullet. 

The following table will serve as a guide as to the distance 
that a mark in motion may be expected to traverse during the 
flight of a ‘303 inch bullet at various ranges. The interval 
referred to above has been neglected in the table, and any 


allowance calculated on it will therefore be a “minimum ” :— 


TABLE III. 


Rate of motion across line of fire. Miles per hour. 


Distance. 3 | 6 9 12 
(= walk). | (= double). | (= trot). | (= gallop). 

yards. feet feet. feet. feet. 
100 0°7 14 2°1 2°8 
200 1°4 29 4°38 5°8 
300 2°3 4° 6°8 91 
400 3°2 6°4 9°5 12°7 
509 4°2 8°4 12°5 16°7 
600 5°3 10°5 15°8 21:1 
700 6°3 12 °6 18°9 25°1 
800 77 15°4 23°2 © (d0no) 
900 9-1 18°2 27°3 36°3 
1000 10°4 20°9 31°4 41°8 
1100 11°9 23°8 35°7 47°6 
1200 13°4 26°9 40°3 53'8 
1300 15'0 30°0 45°0 60:0 
14.00 16°7 33°74 50°1 66°8 
1500 18-4 36°7 55°1 73°5 
1600 20-2 40°4: 60°6 80°8 
1700 22-0 44°] 66°1 88°1 
1800 23°9 A7°9 71°8 95°7 
1900: 26°0 52°0 (eS 103°9 
2000 28 -O0 56°0 &4°1 112°1 
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The path of a projectile fired vertically downwards is a 
straight line, and continues in the same direction, the influences 
of the propellant, and of gravity being in the same direction. 
The opposite case is that of a projectile fired vertically upwards, 
when on the exhaustion of the velocity given by the propellant, 
it descends in the same line in which it rose. Between these 
two extremes all varieties of curve are found. It is very rarely 
that it is required to fire up or down hill at an angle exceeding 
35°, and it is only at the shortest ranges that angles approxi- 
mating to this amount are encountered. Ifthe trajectory were 
a rigid curve the range for which elevation should be given 
would be the distance on the horizontal plane of the firer 
from a point, at which a perpendicular raised, or let fall from the 
mark, meets the plane. But at large angles of elevation such 
an assumption must not be made, and no general rule on the 
subject can be laid down, owing to the variation due to 
differences of velocity, and of mass and form of projectile. 
With the ‘303 rifle and service charge the angles to be used on 
the sights for shooting up and down hill are approximately 
as follows for angles of 20°, 30°, and 40°. 


eT 


Elevation on sights in minutes. 
Range. ; si 
Horizontal. | 20° slope. | 30° slope. | 40° slope. 
ute Hi, of. seat poeta | 2a 
‘yards. : 4 ! 
200 9°5 9°0 8°5 75 
300 16°0 15-0 140 13°0 
400 23:0 22°0 21-0 18:0 
500 31°0 29°5 27-0 240 
600 40°0 38°0 36°5 33°0 
700 50°5 47°0 44° 0 40°0 
800 62°0 57°5 54°5 50°0 
900 74:0 70°5 67°0 63°0 
1000 88°0 84°5 81:0 76°0 
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CHAPTER VIII. 


Wovunpine Errect or BuLLets. 


The severity of the blow received from any moving body 
depends largely upon the “ kinetic energy,’ or power of doing 
work, in virtue of its motion, possessed by that body, such 
“energy ” depending on the weight of the body and the velocity 
with which it is moving at the moment of impact. This is a 
natural fact; but when we come to consider a particular case, 
as the effect produced on a man when struck by a small arm 
bullet, we find that the physical limits, within which we must 
work, are so restricted by practical considerations, other than 
wounding effect, that the importance of “striking energy ” 
disappears, in comparison with that of several other factors 
(hat arise. Estimates of wounding effect under varying con- 
ditions are made from experience gained in actual warfare, 
or from the results of experiments carried out against the 
dead bodies of animals, and from such estimates it is difficult 
und dangerous to attempt to draw exact conclusions. The 
medical reports of one or other of the combatants at the close of a 
wreat war are of undoubted value; but a wounded man rarely 
can know at what range he was from the particular individual 
(that shot him, and a surgeon can very rarely have the oppor- 
tunity of observing two men of exactly similar muscular and 
hodily development, hit in an exactly similar manner by different 
types of bullets, striking them with the same velocity; thus 
details, essential to an exact conclusion, become largely a matter 
of guess work. Again, experiments on a dead animal produce 
results forming, no doubt, a good guide as to what would occur 
in the case of a living creature; but it would be dangerous to 
wisume that the wounds produced in both cases are identical, 
or that an exact relation between them either exists or can be 
cnloulated. So any conclusions arrived at on the subject of 
wounding effect must be of a general nature, and should be 
considered as being liable to wide variations, and subject to the 
oecurrence of many exceptional cases. 

Up to the advent of the small-bore rifle below ‘320 inch calibre, 
with its hard-coated bullet, there were no serious complaints 
of want of stopping power, but on the subject of the wounding 
ower of small-bore bullets the greatest diversity of opinion 
ius been expressed, and the subject is further complicated by 
(ho introduction of the very small-bore bullet, as the Japanese 
256 inch, and the pointed bullets now being employed by 
jveral nations. Again the increased velocities now being 
ablained with some new ammunitions have to be reckoned 
with, 
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Speaking broadly, the most important factors affecting the 
wounding effect of any bullet are Velocity—Shape.—Type of 
Envelope. 

It must not be thought from the above that such important pro- 
perties as weight and cross sectional area are being lost sight of ; 
but the effects of these upon the “ ballistics ” of the small arm are 
so vital that their dimensions are fixed, between somewhat narrow 
limits, by conditions quite independent of any question of 
wounding effect. This being so, their importance as regards 
the subject we are discussing diminishes considerably. It must 
also not be overlooked that the facilities, offered by the object 
struck, to the performance of work by the bullet, largely affect 
the nature of the wound produced, and that in some cases @ 
very severe wound is not necessary; thus a bullet, travelling 
with a certain velocity, and striking a hard bone, would naturally 
be expected to inflict a more severe wound than if it merely 
traversed some soft, non-vital part of the human body, without 
meeting with any considerable resistance, while the extent or 
severity of a wound in a vital part would be immaterial. 

We will now consider the wounding power of bullets according 
to the three main factors enumerated above. 

The first effect attributable to velocity is the so-called “ explo- 
sive effect,” frequently observed in wounds. This is due to a 
eylindo conoidal bullet, travelling at a high rate of speed, 
striking a hard bone, or meeting with great resistance, in 
its passage through an object. “The many splinters, into 
which the bone is broken, are driven forward by the bullet 
with great velocity, and themselves act as secondary missiles, 
producing great destruction in the neighbouring tissues, and 
make an enormous exit wound, such as would lead one to 
suppose that the bullet itself had exploded. This effect has 
occasionally been observed where soft parts only have been 
traversed, but such cases are exceptional. With rifles of 
the Martini - Henry class, such wounds might be produced 
up to 150 or 200 yards, and, on account of the leaden bullet 
setting up and becoming deformed on striking the bone, the 
explosive effect might be even more severe than that produced 
by the modern small-bore. 

The modern small-bore rifle, on account of its higher velocity, 
may be expected to produce this ‘‘explosive effect”? up to 
ranges considerably in excess of those mentioned above, and the 
very small-bore rifle will probably give somewhat similar results. 
From Russian experience against the Japanese ‘256 inch bullet, 
the “‘ explosive effect” seems to have been very marked and 
severe up to 200 paces, and effective up to 600 paces. 

When soft parts are struck, bullets of the Martini-Henry 
type crush through the tissues, causing more laceration and 
shock than the small-bore bullet, with its higher velocity, 
which cuts through the flesh more cleanly, making a wound 
which often heals in a very short time. 

At the longer ranges, the small-bore bullet and the ‘450 
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produce bone fractures of about the same gravity. From 800 
to 1,200 yards the fractures produced by the small bore are 
the less severe of the two. At ranges over 1,200 yards, the 
small-bore, on account of its retaining its velocity better, causes 
greater destruction in striking bones than the larger bullet. 

At the longer ranges soft parts are more lacerated by the 
large-bore bullet; the latter may also complicate the wound 
by remaining in it. 

Against the Japanese 256 inch, it was found that from 600 
paces to 800 paces there was practically no “ explosive effect,” 
the perforations’ being clean and rarely septic. 

In experiments with the Mauser rifle bullet of °311 inch 
diameter, it was found that the bullet never lodged in the 
tissues of the body at ranges up to 1,500 yards. 

At very long ranges it is obvious that the small-bore bullet 
will still possess a certain wounding power after that of the 
“450 has become negligible, on account of the difference of 
velocities between the two. 

It will be seen that on the whole the small-bore bullet holds 
an advantage over the old large-bore. Though with equal 
velocities the wounds are no more severe, and, at medium 
ranges, on a soft non-vital part the effect of the large-bove may 
be greater than the clean perforation of the other, still the 
superior velocity of the small-bore largely increases the limit 
of range within which each nature of wound may be expected. 

The shape of the ordinary small-bore bullet does not differ Shape. 
very materially from that of the old bullets of the Martini- 
Henry type, but the introduction of pointed bullets, on account 
of their power of retaining their velocity and the consequent 
flatness of trajectory that can be obtained with them, necessi- 
lates an examination of how the wounding power of the old 
round-nosed bullet compares with that of the pointed type. At 
ranges at which we may expect ‘‘ explosive effect,” the round- 
nosed bullet may be expected to be slightly superior to the 
pointed one for equal velocities as the shape of its nose is 
hetter adapted for the delivery of a ‘“smashing blow,” but 
against this we have to set the superior power of the pointed rs 
bullet to retain its velocity, so that, for equal ranges, the effect 
of the pointed bullet would be equal or superior to that of the 
other, while the limit of range at which any such effect could 
he expected is increased by the use of pointed aramunition. 
At long ranges, however, the pointed bullet shows superiority. 
Ii would seem that the pointed bullet is liable to turn over on 
impact, thus adding largely to the size and severity of the 
wound. We must not assume, however, that such behaviour is 
culirely confined to bullets of the pointed shape, as we read that 
(he Russian experience against the Japanese ‘256 bullet was that 
‘trom 800 to 1,000 paces the perforations were larger’’ (than at 
rither shorter ranges) ‘owing to the unsteadiness of the 
bullet, and at these distances, clothing, &c., was often varried 
into the wound, causing infection.” 
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Above all, in comparing the relative values of round-nosed 
and pointed bullets, we must remember that by employing the 
latter we are likely to produce more wounds, so that a marked 
superiority in wounding effect must be proved for the former if 
its retention is to be justified. 

One of the great factors in the “ stopping” power of the old 
lead bullet, was its ability to “set up” on meeting any con- 
siderable resistance. With the modern small-bore bullet with 
its hard envelope enclosing the soft, heavy, non - elastic 
material of the bullet proper, this property of setting up 
is liable to be lost altogether unless the details of the enve- 
lope are carefully considered. The material of the envelope 
must be of sufficient strength to withstand the stresses to 
which it is subjected in the bore of the rifle, while allowing 
of a certain amount of deformation, due to “setting up,” on 
impact. The strain on the envelope, in the bore, will take 
effect round the sides of the bullet, while on impact it will 
be mainly on the nose, so that possibilities exist of varying the 
strength of the envelope at the desired points, of thinuing it at 
the nose, to a degree sufficient to ensure safety from ‘“‘ stripping,” 
while maintaining any desired thickness in the walls. Any 
such arrangement is more applicable to the round-nosed than to 
the pointed bullet, but it can be employed with a certain 
amount of effect, in the case of the latter. If a pointed bullet 
with the maximum armour-piercing power is required, the 
conditions are quite different and must not be confused with 
those applying to the “man stopping” bullet, which are here 
being considered. 

Nothing has been said about expanding, or, as they are 
sometimes inaccurately called, explosive bullets, as their use in 
warfare among civilised nations has been declared inadmissible 
by the Hague Convention. In bullets of this class there is a 
break in the continuity of the hard metal envelope. In some 
examples the lead is exposed. at the point of the bullet, in others 
the envelope is slit at the shoulders. There are many ways of 
making them, but the object is the same, namely to decrease 
the power of the bullet to retain, its shape on striking a soft 
object. Such ballets, when travelling with a high velocity, 
either break up into numerous fragments and produce an 
explosive effect, or expand, on account of the point being driven 
back into the body of the bullet, and so increase its diameter 
and the size of the wound it causes. At long ranges, where the 
velocity is low, the shock of impact against flesh is nob 
sufficiently great to alter the shape of an expanding bullet; it 
then causes no more damage than if its envelope had been 
continuous. 

With expanding bullets the penetration increases with the 
range, as the expansion of the bullet decreases. The penetra- 
tion. is greatest at the range at which it first ceases to expand, 
and then diminishes as the range increases, on account of the 
velocity and energy falling off. 
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It must be remembered that ideas on the subject of small 
arm ammunition are at present in a state of change, calibres 
ure, in some quarters, being reduced below the limit until 
recently considered the minimum, pointed bullets are being 
generally introduced, velocities are rising, and, in the mean- 
lime, data as to wounding effects remain meagre, so it would be 
unwise to form too definite conclusions or to consider that any 
linality has been arrived at. 

We must not overlook the fact that the desired object is not 
lo increase the severity or mortality of wounds in warfare, but 
to ensure that our small arm, as it increases in accuracy, 
rapidity of fire, and range, shall still possess a sufficient 
“stopping” power, without which it is entirely useless. 

Taking the surgical results of the South African war, as a 
whole, it appears that, although terrible wounds have been 
cuused by explosive effect, the small arm wounds have 
yenerally been more successfully treated than in the days of 
plain lead bullets. It is more common nowadays to hear of 
cures being effected when the abdomen or brain have been 
perforated than in the days of the ‘45 bore. Although this 
satisfactory state of things must be partly attributed to the 
wlvance of scientific and surgical knowledge, and also to the 
increased range at which modern battles are fought, still 
‘he small-bore hard-coated bullet must be given its share of 
the credit in bringing about this humane result. 


te 


LL s) x 


Digitised by the Vickers MG Collection & Research Association 


CHAPTER IX. 


Revonvers aAnp AuromMaric PIsTous. 


Firearms having a single fixed barrel, and a revolving 
cylinder, containing several chambers for the cartridges, were 
made as early as the sixteenth century. The cylinders of these 
arms were originally revolved by hand; but this was eventually 
improved upon by causing the pull of the trigger or the cocking 
of the hammer to do the work. In 1835, Colonel Colt patented 
his revolver, the chambers were loaded with powder and. bullets 
from the front ends, and each chamber was provided with a 
nipple which had to be capped. At first American revolver 
makers caused the cocking of the hammer to revolve the 
cylinder, while the English makers effected this by the pull of 
the trigger. ‘The English maker Adams, in 1855, brought out 
the double action revolver in which the revolution of the 
cylinder could be effected by both these methods. When the 
revolver is cocked and fired by pressing the trigger, a greater 
rapidity of fire is attained than when the hammer has to be 
cocked by drawing it back by the thumb, but the accuracy is 
impaired, as a long pull has to be given to the trigger and a 
certain amount of force has to be used, to compress the 
mainspring and revolve the cylinder. The double-action 
revolver was, therefore, a great advance, for the first shot could 
be accurately fired when the hammer was at full cock by a 
moderate pressure of the trigger ; and the subsequent shots 
could be rapidly fired, if necessary by the trigger action. 

‘As rim-fire, pin-fire and central-fire cartridges were suc- 
cessively introduced, revolvers were constructed to use them. 
The earlier forms of breech-loading revolvers had solid frames, 
an opening being cut in the right side of the shield behind the 
cylinder to allow of the cartridges being introduced into the 
chambers, and of the empty cases being ejected, this latter 
operation was effected by a rod attached to the revolver. The 
opening in the shield was closed by a swinging plate, controlled 
by aspring. In Fig. 18 of the Colts single-action revolver the 
Plate (A) is shown swung clear to allow of the cartridges 

’ peing loaded into the chambers. The ejecting rod is carried in 
a tube attached to the barrel; it is kept pressed forward by a 
spiral spring, and is driven back so as to eject the empty cases 
by means of the fingerpiece B. 

This method of extracting the fired cases was slow, and led 
to the introduction of self-extracting revolvers with jointed 
frames. In this type of revolver, the barrel is hinged to tho 
frame at the front bottom corner of the latter; the barrel is 
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held’in the firing position, by means of a strap, in prolongation 
of the barrel; the rear end of this strap is secured to the body 


Fig. 18. 


Colt’s single-action revolver. 


byacatch. The extractor consists of a plate engaging under the 
rims of all the cartridges in the chambers and is mounted on a 
central stem. On opening the revolver the extractor is forced 
to the rear, simultaneously extracting all the cases. See 
description of Webley revolver, page 151. 

The above is the most usual form of jointed frame self- 
extracting revolver. An older form is the Hnfield revolver (see 
Kig. 19). In this revolver on opening the barrel catch and 
depressing the muzzle, the cylinder is drawn forward parallel 
to its original direction; the extractor only moves forward a 
short distance so that the empty cases are drawn out of the 
chambers, they have however to be shaken clear of the revolver. 


Enfield Revolver. 
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Another type of self-extracting revolver is the Colt’s 
service revolver with solid frame. In this revolver the cylinder 
is swung out to the left and all the cartridges are simultaneously 
extracted (see Fig. 20). 


Colt’s Service Revolver. 


The Webley Mark 1V revolver is a good type of double-action 
self-extracting revolver with jointed frame. The following is 
a short description of its principal features. 


Webley Revolver, Mark IV. “442 inch bore; 6 shot. 


pd 
Ze, ea 


Section of Webley Revolver, Mark IV. 
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Webley Revolver, Mark LV. 


The barrel (1) is 442 inch bore rifled with seven grooves, the Barrel. 


foresight forms part of the barrel, the latter is extended to the 
rear in the form of a strap. Beneath the barrel is a projection 
forming the joint; in this projection the cylinder axis (2) is 
fixed parallel to the barrel. The holster guide (3) prevents the 
cylinder catching when putting the revolver in the holster. 


The body (4) contains the action, forms the stock and supports Body. 


the bases of the cartridges. The front end is slotted out and 
forms a joint for the barrel, the latter being pivoted on an 
axis pin (5) retained in position by a screw. The sides of the 
body forming the stock are closed by vulcanite plates (6), held 
together by a screw (7) with countersunk cup and nnt. The 
opening in the underside of the body is closed by the trigger 
guard (8) attached to it by two screws. <A hardened steel shield 
(la) is fitted into the body for the cartridge heads to bear 
against; it has a slot for the pawl (27) to work through. 


The barrel catch (4b) is pivoted to the body by the screw Barrol catch. 


(1c); iis upper end is pressed forward by a V-shaped spring on 
(the right side of the body. The upper end passes over the end 
of the barrel strap and holds it securely down. The lower end 
forms a thumb piece; a downward pressure on which releases 
the barrel strap. The bottom end of the latter is rounded off, 
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so that it can snap into position on the barrel being jerked 
upwards. The backsight V is cut in the top of the barrel 
catch. If the Jatter is not in position the hammer nose cannot 
reach the cap otf the cartridge. 

The cylinder (9) contains six chambers and fits on to the 
cylinder axis (2). Therearend is recessed out for the extractor 
(10). A projection on the front of the cylinder contains a 
groove (11) for the lip (12) of the cylinder cam (13) which pre- 
vents the cylinder coming off its axis when the revolver is open. 

The extractor (10) is a plate with six recesses round its edge 
so that if fits under the rims of all the cartridges in the 
chambers. On its face are the ratchet teeth by which the 
cylinder is revolved. The extractor is mounted on a stem 
with flats on two sides to prevent it from turning in the cylinder. 
On the stem is the spiral extractor spring (14) which bears 
against the cylinder in rear and in front against the nut (15) 
screwed on to the extractor stem. The extractor is operated 
by the extractor lever (16) which has an oval hole in its centre. 
The extractor lever is mounted on the barrel axis pin (5) and 
works in a vertical slot in the barre! joint, an arm (17) reaches 
up through a slot and bears against the end of the nut on the 
extractor stem. In a narrow slot in the rear of the extractor 
lever is the extractor lever auxiliary (18) which is pressed to 
the rear by a small spiral spring; this presses the extractor 
lever to the front as far as the oval slot will allow. 

The action of the extractor is as follows:—When the barrel 
has been depressed a short distance the tooth (19) on-the 
extractor lever catches against the bottom of the body and 
arrests the motion of the extractor lever. The arm (17) of the 
extractor lever in its turn arrests the motion of the extractor 
stem; therefore as the barrel and cylinder are revolved forwards 
and downwards the extractor is forced out of the cylinder and 
ejects the cartridges; but as the barrel approaches its lowest 
position, the corner (20) of the barrel joint passing over 
the tooth (19) presses it to the rear, and when it has forced the 
tooth (19) into the groove in the body, the extractor lever is 
free to rotate. The extractor spring then re-asserts itself, 
driving the extractor home and causing the extractor lever to 
rotate on the axis pin. 

The hammer (21) is pivoted on the screw (21a), its nose 


. passes through an opening in the body so as to be able to 


strike the cap of the cartridge in the uppermost chamber. 
The hammer catch (22) is pivoted on the screw (23); it is 
pressed forward by a small spiral spring carried in a recess 
in the hammer. The bent (24) in the hammer is used when 
the weapon is used single action, ¢.e., when cocked by hand 
before pressing the trigger. 

The trigger (25) is pivoted on the screw (25a) ; at the rear 
wudis the trigger nose (26). Along side the trigger nose is 
pivoted the pawl (27). On top of the trigger is the cylinder 
stop (28) which enters into the six elongated grooves on the 
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oatside of the cylinder, and prevents the pawl from rotating 
the latter too far. The trigger catch (29) is a separate com- 
ponent pivoted on the screw (25a) in a recess in the trigger; 
it is controlled by a small flat spring screwed on to the top of 
the trigger. As the trigger is drawn back, the trigger catch 
descends slightly and bears against the front part of its opening 
in the body, and as the trigger continues to revolve, the end of 
the trigger catch spring slips into a notch near the axis of the 
trigger catch, and causes its front end to start up and enter 
into one of the small external recesses in the cylinder, which is 
then entirely prevented from moving until the pawl again acts. 

The mainspring (80) has two branches, the upper branch 
operates the hammer by means of the swivel (31). The lower 
branch rests upon the mainspring auxiliary (32) which bears 
upon the pawl just in front of its pivot and so keeps it pressed 
to the front; it also keeps the trigger pressed downwards. 

On cocking the hammer by hand the projection in which the 
bent (24) is ent, catches under the trigger nose (26) and raises 
the rear end of the trigger; this causes the pawl to rotate the 
cylinder by means of the ratchet on the extractor until the 
cylinder stop (28) arrests the motion; at the same time the 
trigger catch (29) enters its seating in the cylinder holding it 
securely. The trigger nose then falls into the bent (24), the 
hammer being fully cocked and the mainspring compressed, as 
its lower arm is raised by the mainspring auxiliary. On 
pressing the trigger the hammer falls and fires the cartridge; 
the head of the hammer then rests against the top of the body. 
On releasing the trigger the mainspring auxiliary is lowered 
and the hammer head falls back a short distance from the body. 

On pressing the trigger in order to fire without previously 
cocking the hammer, the trigger nose (26) bears against the 
bottom of the hammer catch (22) and causes the hammer to 
votate. The pawl, cylinder stop, and trigger catch act as 
before. When the cylinder is revolved so that the next 
chamber is opposite the barrel, the end of the hammer catch 
slips off the trigger nose and the hammer falls as before. In 
both cases when the pressure of the finger on the trigger is 
released the trigger nose (26) presses the hammer catch (22) 
inwards so as to get past it, 


Colts Single-action Revolver, 6 shot. 
g ’ 


The Colt single-action 6-shot solid frame army revolver is 
shown in Fig. 23. In Fig. 23 the pawl is shown in dotted 
lines pivoted on the pin (1). On cocking the hammer 
with the thumb, the pawl rotates the cylinder, and a short pin 
(2) on the hammer, lifts the tail of the cylinder stop (3) which 
is pivoted on the pin (4) so that the cylinder is free to revolve. 
As the hammer approaches the full vock position, the tail of the 


Mainspring, 


Action of 
mechanism. 
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cylinder stop (3), slips off the pin (2), and its tooth enters its 
groove in the cylinder, being forced up by the spring (5), and 


Fig. 23. 


Colt’s Single Action Army Revolver. 


arrests the motion of the cylinder. On pressing the trigger 
the hammer falls and fires the cartridge. As the hammer falls 
the end of the pin (2), which is bevelled off underneath, presses 
the tail of the cylinder stop (3) to one side and passes it. The 
tail of the cylinder stop is thin, and spring tempered, to allow 
of a small side play. 

One great disadvantage of revolvers is the escape of gas at 
the opening between the breech end of the barrel and the 
cylinder. This corrodes the surrounding parts and materially 
diminishes the pressure in the barrel, and the consequent 
velocity of the bullet. This disadvantage has been overcome 
in the Nagant revolver, see igs. 24,25, adopted by Russia, 
by employing a long cartridge case, which extends a little 
beyond the nose of the bullet, so that when the cylinder is 
given a forward motion the end of the cartridge case enters 
the barrel and bridges the gap between barrel and cylinder. 

The Nagant revolver is not double action, as a considerable 
amount of work has to be done while cocking the hammer, such 
as pressing the cylinder forward against the action of the 
spiral spring at its axis, forcing the resistance plate (D) up, 
and the breech piece (E) forward, hesides compressing the 
mainspring; therefore the pull on the trigger would be too 
heavy if the above operations were done hy trigger action. 
The following is a description of the manner in which the 
obturation, or sealing of the escape of gas between the cylinder 
and barrel is effected. 
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Nagant Revolver. °3 bore; 7 shot. 

In Fig. 24 the Nagant revolver is shown ready for firing; in 
Wig. 25 the revolver has been fired, and the pressure of the 
forefinger has been released from the trigger. On cocking the 
hammer, which is done by the thumb on the comb, the nose (A) 
lifts the arm (B) of the trigger, causing the latter to rotate on 
its axis pin (B!); the pawl (C) engages the ratchet at the end 
of the cylinder, and rotates it until the trigger stop (B®), 
engaging in its recess in the cylinder, arrests its rotation. The 
cylinder is then pushed forward by the pawl, and the end of the 
barrel, which is bevelled off, enters the mouth of the topmost 


Fig. 24. 
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Nagant Revolver. 


chamber in the cylinder. The cartridge case, which extends 
just beyond the nose of the bullet, enters the rear end of the 
barrel, and bridges over the junction between the barrel and 
cylinder, so that on firing very little gas is able to escape, see 
(I"), Fig, 24. While the hammer is being cocked the trigger 
wm (B) raises the resistance plate (D), which moves in vertical 
yrooves in the body. The top part of the resistance plate (D) 
trikes against the angle (H') of the breech piece (E); the 
latter, which forms the top end of a lever which is pivoted 
i( its bottom end, is forced to move forward against the head 
ol the cartridge, which it supports. The resistance plate (D) 
vontinues to rise, and forms a support for the rear face of the 
hveoch piece KH when the cartridge is fired. On pressing the 
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trigger the hammer falls and fires the cartridge. On releasing 
the pressure of the forefinger on the trigger the parts assume 
the position shown in Fig. 25, the cylinder being pushed back 
by the spiral spring round its axis. 

In all non-automatic revolvers the hammer is cocked and the 
cylinder rotated, either by cocking the hammer by hand, or by 
drawing back the trigger. In the Webley-Fosbery automatic 


Nagant Revolver. 
revolver this work is done by the force of recoil, therefore all 
the firer has to do is to press the trigger after each shot, in 
order to fire another one, so that the rate of fire for the six shots 
the weapon carries is as rapid as that of an automatic pistol. 
The following is a brief description of the leading features of 
this automatic revolver :— 


Webley-Fosbery Automatic Revolver. *442 bore; 6 shot. 


This revolver consists of the non-recoiling frame forming the 
handle (1) and trigger guard, and the recoiling parts shown in 
Figs. 27, 28, 29* consisting of the body (2) to which the action 
is attached, the barrel (3), and the cylinder (4). The body 
slides in a groove (5) on top of the frame, and is kept pressed 
forward by means of the recoil lever (6), which in its turn is 
actuated by the recoil spring (7). Within the groove on top of 
the frame is a projection into which is fixed the rotating stud 
(8). This stud works in zig-zag grooves cut on the external 
surface of the cylinder. The latter, in other respects, is similar 
to that of the Webley revolver. The extractor and barrel catch 
are also similar. 
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Section of Revolver when Recoiled to Full Extent. 
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Webley-Fosbery Automatic Revolver. 


Recoiling Portion of Webley-Fosbery Automatie Revolver. 
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The hammer is provided with a tail (9) and a bent (10). 

The sear has a half-cock bent (11), a full-cock bent (12), and 
“ projecting arm (13) for engagement with the trigger. 

The mainspring is similar to that of the Webley revolver. The 
short arm rests in a bent in the mainspring auxiliary (14), 
and presses the latter upwards, which, in its turn, bears against 
the sear and presses that upwards. 

The trigger is pivoted on a screw (15) at its forward end, 
where a small V spring bears, keeping the trigger pressed down. 
In a recess in the top surface of the trigger the trigger catch 
(16) is pivoted on the screw (16a). The trigger catch is 
capable of revolving slightly on the screw (16a) ; it is provided 
with a small tooth on top, which engages with the end of the 
sear (13). A small spiral spring and plunger in the trigger keep 
the tooth of the trigger catch pressed to the rear. 

A spring (17) is screwed on to the barrel strap. On the 
underside of the rear end of the spring is a tooth which, when 
the revolver is open, engages in the grooves in the cylinder 
and ensures the latter being in the correct position for 
closing. When the revolver is closed the rear end of the 
spring is raised so that the cylinder is free to be rotated by the 
stud (8). 

Suppose the weapon to be loaded and the hammer cocked. —_ Action of the 

On pressing the trigger the tooth of the trigger catch raises ™echanism. 
the end of the sear (13); this disengages the bent of the sear 
(12) from the hammer bent (10) and the hammer falls and 
xplodes the charge. The recoiling parts are driven back, the 
body (2) sliding back in the groove (5) on top of the frame (CB); 
The tail (9) of the hammer strikes a cocking stud in the 
lrame, and is brought to full. cock, in which position it is 
robained by the bent (12) of the sear. The rotating stud (8) 
passes down one of the diagonal grooves towards the front end 
of the cylinder, and rotates the latter half the requisite amount. 
The recoil lever (6) then forces the recoiling parts forward 
wvain. The rotating stud (8) then passes down another 
‘liugonal groove and completes the rotation of the cylinder, 
bringing another chamber in line with the hammer and the 
burvel. As the recoiling parts complete their forward move- 
mont the end of the sear (13) strikes the tooth of the trigger 
vutch and presses it forward. In order to fire another shot, 
(he pressure of the forefinger on the trigger must’ be released : 
the latter then rotates on its axis, downwards and forwards, 
» that the tooth of the trigger catch flies back under the 
‘mpulse of its spring and plunger, and places itself beneath 
‘he end (13) of the sear. On again pressing the trigger 
‘he vevolver is fired, and the above described actions are 
vopoented. : 

here is a safety bolt with thumb piece on the left side of the Safety bolt. 
jitol, On raising the thumb piece the recoiling parts are 
lavcod slightly to the rear, so that the sear (13) is moved 
‘vay from the tooth of the trigger catch, therefore pressure 
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on the trigger will not operate the sear. It also locks the 
frame to the recoiling parts. 

The reloading of revolvers, particularly those that are nol. 
self-extracting, is very slow as compared with automatic pistols, 
which are reloaded by refilling the magazine by means of a 
charger, or introducing another loaded magazine. Hitherto 
the chambers of revolvers have been reloaded one at a time, but, 
with a view of shortening the time occupied in reloading, Messrs. 
Webley have introduced a clip loader for the six cartridges 
required for reloading all the chambers of an automatic 
revolver at once. This is effected by fixing the bases of the 
cartridges in a dise of brass, which holds the cartridges? in 
the required position. 


Leu 


tiie 


The Webley Patent Clip Loader. 


Automatic Pistols. 


We will now consider automatic pistols. Weapons of this type 
are provided with one barrel, which contains the chamber for 
the cartridges, the latter being contained in a magazine, one 
above the other. The pistols are so constructed that the force of 
recoil is employed to open the breech, extract the empty case, 
cock the pistol, reload the chamber with the top cartridge from 
the magazine, and close the breech, leaving the pistol ready to 
fire on again pressing the trigger. 

In all automatic pistols that have emerged from the experi- 
mental stage, except the Mannlicher model, 1894,* the breech 

* In this pistol the base of the cartridge is supported by a fixed breech 
block; the barrel is drawn forward by the friction of the bullet and ejects 


the empty case. A special spring then forces the barrel to the rear, the top 
cartridge from the magazine entering the chamber. 
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is closed by a bolt, which is capable of a backward and forward 
motion in line with the axis of the barrel. These bolts often 
have a straight pull rectilinear movement, in which case they 
‘wre generally not circular in section like the ordinary magazine 
rifle bolt. 

Automatic pistols may be divided into two classes, viz. :— 

Class I—Those in which the breech bolt is locked to the 
barrel or frame when discharge takes place, so that the base 
of the cartridge is rigidly supported. 

Vlass IT.—Those in which the backward motion of the car- 
tridge is merely checked by the inertia of the breech bolt, and. 
the resistance of the recoil spring and hammer, for a sufficient 
time to enable the bullet to clear the muzzle before the car- 
tridge is extracted from the chamber. In this class the barrel 
is usually fixed. This type of weapon is only suitable for 
liring small charges, and is more adapted for house protection 
than for military use against savages; it will not, therefore, 
be considered in the following remarks. It is evident that 
with this method of closing the breech, should an obstruction 
occur in the barrel, the cartridge case and gas would be blown 
out to the rear, 

Before discussing automatic pistols generally we will briefly 
(escribe three of the best known examples of Class I: the 
Mauser pistol, used in the German army, the Borchardt-Leuger, 
used by the Swiss, and the Colt pistol. 


Mauser Automatic Pistol, 8 bore ; 10 shot. 


The Mauser pistol consists of a barrel (1) continued to form 
body (2); the latter contains the bolt (3). The barrel and 
body slide on ribs on the top edge of the frame (4). The 
lront part of the frame contains the magazine (5). The rear 


Fig. 31. 
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part of the frame contains the lock frame (6) and lock work, 
The frame is continued downwards to form the stock. Tho 
trigger (7) and trigger guard are at the underside of the 


frame. 


Bolt. 


The bolt (3), which is square in section, slides backwards 


and forwards in the body. It is kept pressed forward by tho 


spiral bolt spring (8) which bears against the front end of its 
chamber in the bolt, its rear end resting against the block (9) 


Extractor. 
Bolt lock. 


Rocker. 


Mainspring. 


which is fixed in the body and inserted into the bolt through 
a long slot in its right side. The striker passes through an 
opening in this block. It is kept pressed back by a spiral 
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Mauser Automatic Pistol (Bolt fully Recoiled). 


rebound spring round its front end, where its diameter is 


reduced. 

Tie extractor is dovetailed into the top of the bolt. 

The bolt lock (10) is slotted through its centre and fits on 
the projection (11) on the under side of the body. Its rear 
end is supported by the projection (12) of the lock frame. The 
two teeth (13) on top of the bolt lock engage in corresponding 
recesses in the bolt. Projecting downwards from the front 
end of the bolt lock is a tooth (14). 

‘he rocker (15) is pivoted at its bottom corner on & 
horizontal pivot; its upper end engages the to 
bolt lock. . 


The plunger at the front end of the mainspring (16) presses : 
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(le rocker forwards. The plunger at the rear end of the main- 
spring operates the hammer (17). 

The nose of the trigger engages the botton end (18) of a 
lever which is pivoted to the sear. It is pressed forward by 
a small V spring not shown in the drawing. 

The sear is a flat horizontal plate, pivoted at its front end. 
The rear end (19) projects in front of the hammer and forms 
the bent of the sear. 

The’ magazine (5) holds 10 cartridges, and is filled froma 
charger holding that number. The platform is pressed up- 
wards by a zig-zag spring of ribbon steel. The bottom of the 
magazine is removable. 

Suppose the chamber to be loaded and the magazine full. 
On pressing the trigger, the trigger nose raises the lever (18) 
which, in its turn, raises the sear (19) and allows the hammer 
to fall on the striker and fire the cartridge. As it does so the 
nose of the trigger slips forward off the end of the lever (18) ; 
‘therefore the sear is able to fall and is. ready to engage the 
hammer again. The explosion of the charge drives the barrel, 
body and breech bolt back 8; inch, so that the rear end 
of the bolt lock (10) is no longer supported by the lock frame 
(12). The tooth (14) being pressed forward by the rocker 
(lo) causes the bolt lock to drop, so that its teeth no longer 
engage the bolt. The latter, on account of its momentum, 
continues to move backwards, compressing the bolt spring (8) 
ind cocking the hammer. When the bolt is fully back the 
empty erse, which has been carried back by the extractor, 
strikes a projection (20) on the lock frame and is ejected. 

The bolt spring now re-asserts itself and drives the bolt 
forward, pushing the top cartridge from the magazine into the 
chamber. 

The mainspring (16) presses the rocker forward, which in 
its turn acts on the tooth (14) of the bolt lock and forces the 
hurvel and body forward. The rear end of the bolt lock 
mounts the inclined face at the back of the projection (12). 
Ihis raises the bolt lock and causes the teeth (13) to again 
lock the bolt. © 

On releasing the pressure of the forefinger on the trigger, 
‘he nose of the latter pushes back the end of the lever (18) and 
10 gets under it, ready to fire the next shot. 

This weapon is sighted from 50 to 1,090 yards. 


Borchardt-Leuger Automatic Pistol. *301-inch bore : 8 shot. 


Vhe Borchardt-Leuger or “ Parabellum ” automatic pistol 
wlongs to Class I, the breech bolt’ being solidly supported 
luring the explosion of the charge by the toggle joint (3) (A). 

Ii will be seen from the figures that the barrel (1A) is 

towed into a body (1B), consisting of two side pieces which 

(4148) L 2 


Trigger. 


Sear. 


Magazine. 


Action of the 
mechanism. 
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slide backwards and forwards in the frame (1C) or non-recoil 
ing part. The bolt (2) slides in grooves in the body; it im 
supported in the firing position by the links (3 and 4) of the 
toggle joint, the front link being pivoted by the pin (5) to 
the breech bolt; the pin (6) joins the two links together, and. 
the pin (7) connects the rear link to the body. The centro 
of the pin (6) is below the centres of the pins (5 and yp 
when the breech is closed, therefore there is no danger of tho 
toggle joint bending and the breech opening prematurely. The: 
rear link (4) has a swivel (9) pivoted to it, the bottom end off 
which is hooked on to the recoil spring (10). Inside the bolfi 
is the firing pin (8) actuated by a spiral spring. A projection. 
(8A) on the firing pin projects through the left side of 
the bolt; it is engaged and held back by the sear till the 
trigger is pressed ; it is also drawn back and cocked by the claw 
(3A) at the front end of the link (3). The breech bolt is pro- 
vided with the usual claw extractor, and an ejecting stud is. 
provided in the body. 

The sheet metal magazine, with platform and spiral elevating 
spring, is introduced through the bottom of the hollow stock ;, 
it is retained in position by the catch (11). On pressing the 
roughened stud on the end of this catch the magazine is easily 
withdrawn and another inserted. 4 

The automatic safety catch (12) projects through the rea. 
part of the stock, and is operated by gripping the stock; the 
top end of it (12A) prevents the sear (14) from being dis- 
engaged from the projection (8A) on the firing pin until, the 
stock is gripped for firing. 


Borchardt-Leuger Automatic Pistol. Left side view. Butt side-piece 
taken off. Safety catch disengaged. 
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The’ safety catch (13) is pivoted to the frame (1C) ; when 
the back end is pressed up the front end is lowered and hooks 
in front of a projection (12B) on the automatic safety catch, 
and prevents the pistol being fired until it is disengaged. 


Fig. 34. 


Borchardt-Leuger Automatic Pistol. 


Fig. 38. 


Borchardt-Leuger Automatic Pistol. 
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To load the pistol a full magazine is inserted in the stock | 
the cheeks (4A) of the toggle joint are gripped by the thuml 
and finger and jerked backwards ; the toggle joint bends as 14 
Fig. 85, draws back the breech bolt, and cocks the firing pi 
On releasing the toggle joint the recoil. spring (10) forcon 
forward the barrel and body and straightens out the togyle 
joint which forces the breech bolt home; the latter drives the 
top cartridge from the magazine into the chamber. The firing 
pin projection is held back by the sear (14), and the pistol i 
ready to fire. On pressing the trigger the pistol fires, and the 
barrel and bedy recoil a short distance, giving the bullet time 
to pass out of the barrel; the cheeks (4A) of the toggle joint, 


Fig. 36. 
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1B 
Barrel and Body of the Borchardt-Leuger Automatic Pistol. 


on striking the curved ramps (1D) on the frame, are shot up- 
wards, and the momentum of the breech bolt carries it to the 
rear as in Fig. 35; the extractor extracts the case which, on 
striking the ejector, is thrown out of the pistol. The recoil 
spring (10) returns the recoiling parts to the front, and in 
doing so reloads the barrel with the top cartridge fiom the 
magazine. On releasing the pressure of the forefinger cn the 
trigger, the latter is put in communication with the sear and 
another shot can be fired. The stop (15) forms part of a 
lever pivoted in the frame parallel with the bolt. When tho 
last cartridge is fired, and the bolt comes back, the platform of 
the magazine presses the lever upw ards. The stop then holds 
back the bolt in its rearmost position, ready for loading, and 
indicates to the firer that the magazine is empty. 


Colt’s Automatic Pistol. °38-inch bore; 7 shot (Browning’s 
Patent). 


The bore of this pistol is nominally 38-inch, but is actually 
*35-inch. 

The three main parts of this pistol are the frame (1), the 
barrel (2) and the slide (3), which is combined with the breech 
bolt. 

The frame (1) has suitable guides for the reciprocating slide 
(3), and below is the handle which is hollow and encloses the 
cartridge magazine (4). This is inserted in the handle from 
below and is there held by the magazine catch (5), which 
slightly projects from the bottom of the handle; this. pro- 
jection serves to release the magazine from the catch, when ib 
may be reedily,drawn from the handle for recharging. 
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In front of the handle is the trigger guard in which the 
trigger is located; in the rear and above the handle is arranged 
in the frame the firing mechanism, consisting of the hammer 
(6), the sear (7), a safety device and the mainspring (8); also 
the sear, safety and trigger spring (9). The lower part of the 
latter serves to actuate the magazine catch, 


Fig. 37. 
3 2A 217 3A 12 18 3A 
ZN 


LAW 


Basia CY 


« 


" 
iy 


\ All 
ml 


Colt’s Automatic Pistol, ‘38 bore. 


The top of the frame (1) extends forward from the handle, 
and toit the barrel is attached by two short links, one near the 
front end of the barrel (10) and one at its rear end (11) ; these 
links are attached to the frame by a link-pin and also to the 
barrel by a similar link-pin, and allow the barrel to swing 
rearward thereon. As both links are of the same length, the 
renrward movement of the barrel in swinging, carries the 
barrel slightly downward, but the longitudinal axis remains 
parallel to its previous direction. 

Below the barrel the frame has a tubular seat for the 
retractor spring (12), which in front is closed by a plug (13) 
lnstened in the frame by the lower link-pin. The top surface 
of the frame (1) and two longitudinal grooves on its sides form 
(he seat for the slide (3), which is capable of sliding backwards 
ind forwards upon it. The rear part of the slide forms a bolt 
(31), the forward extension of which is a partially tubular 
vover enclosing the barrel. 

In the forward part of the frame is a transverse mortise 
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extending through the retractor spring seat, and transverse 
recesses in the forward part of the slide serve to admit tho 
slide lock (14), which, passing through the sides of the slid 
and through the mortise, serves to lock the slide to the frame. 
The retractor spring in its seat in the frame consists of a spiral 
spring, the rear end of which rests against a short stiff recoil 
spring (15), and the front end of the retractor spring carries 
follower (16). 

The rear face of the slide lock (14) has a slight recess, and 
when this lock is in its place, the front end of the follower (16) 
rests in this recess, thereby confining the slide lock laterally ; 
thus the tension of the retractor spring is exerted to force tho 
slide to its forward position, while the recoil spring (15) serves 
to receive any excess of recoil of the slide. 

Upon the barrel are three transverse ribs (2a), and in the 
interior of the slide are three corresponding recesses. Theo 
serve to lock the barrel and the slide firmly together when in 
their forward or closed position. 

Between the locking recesses and front of the bolt the slide 
has an opening on the right side for the ejection of the empty 
cases. The bolt is provided with an extractor (17), a firing 
pin (18) and a firing pin spring (19). 

The magazine (4) is a sheet steel holder in which the 
cartridges are placed one above the other resting upon a 
platform (20) acted on by a spring (21) which presses upward. 
The upper end of the magazine is open to permit the escape 
of the cartridges; the side walls at the rear of the opening 
are turned inward and engage the rim of the topmost cartridge 
to prevent its escape from the magazine until it is pushed 
forward. 

The magazine can by loaded with any number of cartridges 
from one to seven. The charged magazine is inserted in the 
handle, the slide is drawn once to the rear by hand. 

This movement cocks the hammer, and when the slide is in 
this position the magazine platform and spring raise the top- 
most cartridge so as to bring it into the path of the bolt; the 
slide on being released is carried forward by the retractor 
spring, and during this movement, the bolt places the cartridge 
in the chamber. As the slide approaches its forward position 
the front of the bolt encounters the rear end of the barrel and 
forces the barrel forward. During this forward movement the 
barrel also swings upward on the links (10 and 11), and thus 
the locking ribs (2a) on the barrel are carried into the locking 
recesses in the slide; the barrel and slide are thereby positively 
interlocked and the pistol is ready for firing. 

The pull on the trigger now serves to move the sear (7) so as 
to release the hammer (6) and fire a shot. The force of the 
powder gases driving the bullet from the barrel is rearwardly 
exerted against the bolt (3a), overcoming the inertia of the 
slide and the tension of the retractor spring, and as a result 
the slide and the barrel recoil together. After moving rear- 
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ward together for a distance, enough to ensure the bullet having 
passed from the barrel, the downward swinging movement ot 
the barrel releases the latter from the slide, leaving the barrel 
in its rearmost position. The momentumof the slide causes the 
latter to continue its rearward movement, thereby cocking 
the hammer and compressing the retractor spring until, as the 
slide arrives at its rearmost position, the empty case is ejected 
from the side of the pistol and another cartridge is raised in 
front of the bolt. During the return or forward movement of 
the slide, caused by the retractor spring, the cartridge is placed 
in the chamber, the slide and barrel are interlocked, thus 
making the pistol ready for another shot. 

It is impossible for the firing pin to discharge or even touch 

the primer except under the full blow of the hammer. 
The pistol is also provided with a safety device which makes 
it impossible to release the hammer unless the slide and barrel 
‘re in their forward position and safely interlocked ; this safety 
‘levice also serves to control the firing and to prevent more 
than one shot from being fired for each pull of the trigger. It 
consists of a small vertical piece mounted in front of the sear 
in the receiver, the end of which slightly projects from the top 
of the receiver; in its raised position, when the bolt and slide 
are in the forward position interlocked with the barrel, it finds 
‘ corresponding recess in the bottom of the bolt. In this raised 
position, the safety piece does not interfere with the operation 
of the trigger, but when the slide is moved rearward the bottom 
of the bolt depresses the safety piece which, in that position, 
prevents the movements of the trigger from operating the sear, 
and thus the hammer cannot be released until the slide is again. 
in its forward position, locked to the barrel. 

This pistol is particularly well protected from sand or dirt 
xetting into the working parts by the slide. When the pistol 
is closed, the opening through which the cartridges are ejected 
is closed by the side of the barrel. 


Detaits of the above Pistols. 
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Borchardt. é 
— Mauser, Leuger. Colt. 
ak cieitea AED Nee EE ee 
Onlibre .. ap <a 3 inch 801 inch *35 inch 
Length of barrel Fc, 5}inches | 48inches | 6 inches 
Weight .. is ..| 2 lbs. 74 ozs. 1 lb. 18 ozs. 2 lbs. 4: ozs. 
Mayazine contains ..| 10 cartridges 8 cartridges 7 cartridges 
‘Weight of bullet ve 85 grains 92°6 grains 105 grains 
Muzzle velocity ee 1400 fis. 1150 fs. 1300 f.s, 
———_---  _-—— 
Another type of Browning pistol, differing from that manu- 


fnctured by the Colt Company, in that it is -301 bore and 
belongs to Class IT, firing a very light charge, has been adopted 
lor use by the Belgian army and police. 
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The advantages of automatic pistols, as compared wilh 
revolvers, are :— 

1. Rapidity of fire, for as long as there are cartridges in’ the 
magazire, all the firer has to do is to press the trigger. Thin 
advantage is also shared by an automatic revolver. 

2. Rapidity of recharging. The magazine can be exchanged, 
or refilled by means of a charger, more quickly than tho 
chamhers of a revolver can be reloaded, cartridge by cartridgo, 
The Webley clip luader for automatic revolvers may get over 
this disadvantage, if experience proves that it is sufficiently 
durable for service. It must be remembered, however, thi 
revolvers or pistols will but rarely be required to be recharge 
in a hurry in action. 

3. Automatic pistols generally carry a greater number of 
cartridges than revolvers. 

4. There is no escape of gas between chamber and barrel as 
there is in a revolver, excepting those of the Nagant type. 
This escape of gas lowers the velocity, and corrodes tho 
adjacent parts. 

5. The shock of recoil is reduced, as the recvil is communi- 
cated to the hand through the medium of springs, so that the 
recoil partakes more of the nature of a push than a blow. A 
higher velocity can be employed in an automatic pistol than in 
a revolver, without inconvenience from excessive recoil, 

6. Automatic pistols are generally narrower and more com- 
pact than revolvers; this is particularly the case with the 
Browning or Colt automatic pistol. 

Disadvantages of automatic pistols :— 

1. They are necessarily more complicated, as the mechanism 
has to perform the operations of extraction, reloading, and 
cocking, which in a revolver are performed by hand. 

2. Uncertainty of action; this is due to the fact that the 
working of the pistol depends on the recoil. This may be 
affected by numerous variables in the cartridge ; also the auto- 
matic working of the moving parts depends upon the state of — 
cleanliness and lubrication of the pistol. 

Automatic pistols and revolvers are intended for personal — 
defence at short range, therefore certainty of action is essential, 
as there is usually no time to rectify a jam, however slight, 
Before a revolver is superseded by an automatic pistol it is 
most desirable that the latter should be as certain in its action 
under service conditions as is the former. } 

Some makes of automatic pistols are sighted up to 1,000 
yards, and are provided with attachable butts. This does not 
appear very desirable from a military point of view, as the 
pistol, even when used with the butt, is very inferior in accuracy — 
toacarbine. The sighting differs considerably when used with 
and without a butt. 

As the réle of a pistol is for use at short range, the bullet 
should inflict a paralysing wound, particularly in savage 
warfare, therefore a heavy bullet of large diameter, with a 
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moderate muzzle velocity, is preferable to a small one witha 
high muzzle velocity. The tendency with most of the automatic 
pistols has been to reduce the bore to about ‘3 inch, and increase 
the muzzle velocity, on the lines of the modern small bore rifles. 
With rifles this course was necessary to obtain a flat trajectory 
without excessive recoil. With weapons for personal defence 
ab short range, such as automatic pistols, or revolvers, these 
advantages are of minor importance compared with wounding 
power. 

There is now a tendency, on the part of countries employing 
small calibre pistols, to return to the large bore type, and, 
from present experience, it would seem that °4 inch is the 
minimum limit of calibre for an efficient pistol, and even so, 
if\this limit is at all closely approached, care must be taken 
to provide a sufficiently high velocity, and a sufficiently thin 
envelope for the bullet. 

The method of recharging automatic pistols by means of a 
spare magazine is decidedly preferable to recharging the 
magazine by means of a charger; for with the latter method 
there is more liability of a jam, and it is less rapid, although 
in the hands of an expert, under favourable conditions, a high 
rate of fire has been attained when using chargers. Chargers 
have been made for automatic pistols with a sliding thumb- 
piece; these are a decided improvement on the ordinary 
charger, as they are much less likely to cause a jam when 
lilling the magazine. The alleged disadvantages of spare 
magazines are their extra cost and weight. These would 
be of importance if all pistol cartridges were kept packed in 
spare magazines; but it would be only necessary to issue two 
spare magazines with each pistol, andcarry the reserve cart- 
ridges in packets, to be loaded into the spare magazines as 
opportunity occurs; for the situation is hardly conceivable 
where a man would require to fire away more than three 
magazines full of cartridges: at pistol range without an 
opportunity occurring for refilling them. 

In comparing the advantages of a hammer, such as is used 
in the Mauser and Colt, with a striker, operated by a spiral 
pring within the breech bolt, as is employed in the Borchardt- 
Leuger, the advantages appear to be in favour of the former; 
for in an emergency the firer can see at a glance whether his 
hammer is cocked or not, and, if necessary, can cock it with 
one hand. Again, with pistols fired by means of a striker 
vperated by a spiral spring, the chamber cannot be kept loaded 
unless the mainspring is kept compressed ; this, in the course 
of # campaign, would be liable to weaken the spring and cause 
miss-fires, 
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CHAPTER X. 


EXpuosives. 


Explosives are those substances, either solid or liquid, which, 
on the application of heat, or other cause setting up chemical 
action in them, are capable of instantaneous or extremely rapid 
conversion into gases, occupying a very great volume as com- 
pared with that of the original substance; the gases in addition 
are highly expanded by the enormous heat resulting from tho 
chemical action accompanying the change of state. 

Explosives may be divided into three classes, according to 
the purposes for which they are used :— 

(1) Disruptive explosives, which are employed to produco 
crushing or shattering effects, as in blasting, and in the bursting 
charges of shells and torpedoes. 

(2) Propellants, which are employed for imparting motion to 
projectiles of all kinds. 

(3) Explosives used for ignition purposes, t.e., to produce & 
flash that will ignite some other explosive, or to convey a flash, 
probably at the same time increasing its volume, from one 
explosive to another. This class includes the explosives in per- 
cussion caps, fuzes, detonators, &e. 

A further classification is that of “ explosive mixtures,” and 
“explosive compounds.” ‘Explosive mixtures” are those 
explosive substances which are merely intimate mechanical 
mixtures of certain ingredients, themselves usually non- 
explosive ; gunpowder, a compound of saltpetre, charcoal 
and sulphur, is the chief -explosive of this class. In 
“explosive compounds,” the elements, composing the explosive, 
are all in direct chemical combination, presenting a definite 
explosive molecule; the nitro-celluloses, nitro-glycerine, the 
fulminates and picrates, are examples of this class. Smoke- 
less propellants consist either of a single explosive compound 
submitted to suitable treatment, or of a mixture of explosive 
compounds with or without the addition of one or more non- 
explosive ingredients. 

The early history of gunpowder is very obscure, as is also the 
exact year and country in which firearms were invented. Gun- 
powder appears to have been first produced in England in 
Edward III’s reign, about the year 1345; but it was not until 
Elizabeth’s reign that its manufacture can be said to have been 
really established in this country. About the year 1590, one 
George Evelyn received the royal license to set up powder mills 
at Long Ditton and Godstone. The works at Faversham, after- 
wards for so many years the Government powder factory, also 
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date from Elizabeth’s reign. There scems, however, reason to 
suppose that powder mills existed at Waltham Abbey so far 
back as 1561, for in that year we find John Thomworth, of 
Waltham, in treaty, on behalf of Queen Elizabeth, for the pur- 
chase of saltpetre, sulphur, and staves for barrels. Fuller, 
appointed Vicar of Waltham in 1641, refers to the powder 
mills at that place as having existed for years. In 1787 these 
works were sold to the Crown by John Walton; a relative of 
Isaac Walton, the celebrated angler. 

The chief disadvantages attending the use of gunpowder as 
a propellant are the smoke and fouling resulting from its 
explosion, and it has now been superseded as a propellant by 
various smokeless explosives. 

Smokeless powders, as their name implies, should produce Smokeless 
no smoke on explosion, but this result is rarely completely powders. 
attained, for reasons which will be explained later. Historical. 

The history of smokeless explosives may be said to have 
commenced in 1846, in which year the German chemist 
Schénbein announced the discovery of “cotton powder” or 
‘ guncotton,” which he proposed as a substitute for gunpowder 
as possessing the advantage over the latter of burning without 
any noticeable residue, and consequently without smoke. 

Guncotton at once became an object of great scientific and 
practical interest, and nearly every European country took up 
the matter with the view of utilising the new explosive for . 
war purposes, factories being established for its production on 
i. large scale. Messrs. Hall and Son, of Faversham, commenced. 
is manufacture in this country, but a terrible explosion which 
took place at their works, together with other accidents in this 
country and abroad, inspired so much alarm and distrust, 
which was increased by the impossibility of satisfactorily 
accounting for the accidents in the then state of knowledge of the 
substance, that the manufacture of guncotton, in this country 
wnd in France at all events, was given up for several years. 

In Austria, General von Lenk, of the Artillery, still con- 
tinued to experiment with it, and succeeded in considerably 
improving its manufacture and purification. 

The attempts to use it as a substitute for gunpowder for 
military propulsive purposes had been unsuccessful, owing to 
‘he impossibility of controlling, with certainty and uniformity, 
its rate of combustion. No mechanical treatment could remove 
the porosity of guncotton, and, this being so, the heated gases, 
evolved when the guncotton was ignited in a confined state, 
eventually produced a pressure that caused them to permeate 
(he mass of the explosive, and the desired “combustion ” was 
vonverted into a “detonation,” which was, of course, fatal 
in the bore of a gun, After extensive trials, however, General 
von Lenk succeeded in so altering the mechanical condition of 
“uncotton as to modify its rate of combustion in air, and there- 
lore, as ib was then believed in Austria, to render its appli- 
eition for military purposes possible. In fact, its manufacture 
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in that country was approved, and in 1862 the Austrians armo | 
thirty field batteries with guncotton cartridges. General von 
Lenk’s system consisted in making guncotton from yarn and 
thread of various sizes and dezrees of compactness, spun from 
long staple cotton, and then twisting and plaiting the gun- 
cotton yarn in various ways and winding it more or less tightly 
over cones or spindles of wood or paper, or weaving it into 
cartridges of various shapes and sizes. General von Lenk’s 
improvements were effectual in moderating the rapidity of 
explosion in air, or under slight confinement, but were after 
all found of no practical utility when guncotton was confined 
in the bore of a gun, especially in considerable charges. Such 
a result was inevitable for the reason referred to above, but tho 
Austrian experiments had their value as they led to the study of 
guncotton being resumed in England in 1853, and the result of 
very extensive experiments, carried out under the direction of Sir 
Frederick Abel, ultimately resulted in the adoption of a method 
of manufacture, whereby a practically complete purification was 
obtained, and the material was converted, by means of reduction 
to a very fine state of division aud subsequent compression, 
into a thoroughly compact, homogeneous mass. In this form 
guncotton was introduced for torpedo and mine charges, but 
to develop th» full explosive effect it was necessary that the 
charge should be strongly confined, and this much reduced its 
range of application. 

However, all necessity for confinement ceased, when it was 
discovered in 1869 that compressed guncotton, either dry or 
wet, could be fully detonated by fulminate of mercury in a 
totally uncontined state. 

The first »pplication of guncotton, or rather of an analogous 
substance, for propulsive purposes, was in the Schultze 
sporting powder, patented in 1867. This powder consisted 
originally of nitrated wood fibre impregnated with nitrates and 
and chlorates, it was not entirely smoke!ess and was never used 
for military purposes. 

The E.C. sporting powder, introduced in 1882, was a mixture 
of soluble and insoluble nitro-celluloses, mixed with metallic 
nitrates. 

It was not until the year 1885, when the introduction of 
small calibre magazine rifles was beginning to occupy the 
attention of the principal European countries, and the use with 
them of a smokeless powder became an absolute necessity, 
that a method of treating nitrated cellulose was arrived at, which 
reduced the latter to a condition in which it could be employed 
with safety, to give regular and reliable results for military 
propulsive purposes. ‘fo convert it into a substance abso- 
lutely devoid of all poresity was the result to be arrived at, 
and this was eventually obtained by subjecting the nitrated 
cellulose to the action of suitable solvents, which would 
gelatinise it, and on evaporation leave a compact, homo- 
geneous, non-porous material, capable only of burning from the 
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exterior towards the centre. The gelatinised material, before 
the evaporation of the solvent, could, whilst still plastic, be 
rolled or presse | into sheets, cords or other desire 1 forms, and 
when dry, cut up into discs, tablets, cylinders, &c. On these 
lines many smokeless powders have been produced and are in 
general use. They differ in details of manufacture, and 
frequently. contain, besides nitro-cellulose, other explosive or 
non-explosive ingredients. 

The first smokeless military rifle powder was that invented 
in 1884 by the French chemist Vieille for the Lebel rifle. 
It was originally a mixture of nitro-cellulose and picric acid; 
the latter ingredient was, however, subsequently abandoned, 
and “ Poudre B,” as it is called, now consists of a gelatinised 
mixture of soluble and insoluble nitro-celluloses. 

Nitro-glycerine was discovered in 1847 at Turin by the 
Italian chemist Sobrero. For many years it remained a 
laboratory curiosity, and it was not until about the year 1863 
that the late Mr. Alfred Nobel, a Swedish engineer, commenced 
its manufacture on a large scale on the Continent, with a view 
to using it as a blasting agent. In 1867 Mr. Nobel produced 
“dynamite,” whicn is a mixture of nitro-glycerine and a 
porous infusorial earth known as “ Kieselguhr.” Later on he 
introduced a further development by replacing the inert sub- 
stance Kieseleuhr, by an active explosive, namely soluble nitro- 
cellulose, the explosive so obtained being known as “ blasting 
gelatine.’ To Mr. A. Nobel again belongs the credit of the 
employment of nitro-glycerine as an ingredient of an explosive 
for propulsive purposes, for in 1886 he made the further 
discovery that if the proportion of nitro-cellulose was increased 
until it about equalled that of the nitro-glycerine, and the 
materials were incorporated by malaxation or rolling between 
hot rollers, a horn-like product capable of being cut up or 
eranulated into any desired form or size, and suitable for use 
as a propellant, resulted. Camphor was also employed by 
Mr: Nobel as a further agent for promoting the union of the 
two explosives, as well apparently as for reducing the rapidity 
of explosion of the product. This explosive was patented in 1888 
under the name of “ Ballistite,” and is still employed in some 
countries. The camphor, however, does not remain a constant 
ingredient owiny to its volatility, the result being alterations 
in the ballistic properties of the material. This is a 
grave defect in any explosive, especially when it has to 
stand exposure in the various climates it would have to en- 
counter in the British service, and the defect was eventually 
recognised by Mr. Nobel, the employment of camphor being 
subsequently abandoned by him, but it was with a view to 
removing this defect, and to using guncotton instead of soluble 
nitro-cotton, in order to obtain an explosive of uniform com- 
position and high ballistic qualities, that the Explosives Com- 
mittee, of which Sir Frederick Abel was President, carried 
owt a long series of exhaustive experiments. The final result 
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of their labours was the production of a smokeless propulsive 
explosive, consisting essentially of nitro-glycerine and gun 
cotton, incorporated and gelatinised by the aid of a solvent, 
A small proportion of mineral jelly is incorporated in the 
preparation; originally introduced to prevent *‘metallic foul 
ing” in the magazine rifle, experience has shown mineral 
jelly to operate beneficially in regulating the explosiveness 
of the product, and more especially in improving its uniform 
stability under varied climatic conditions. This smokeless 
explosive is known by the name of “ Cordite,” owing to the 
cord-like form it assumes in manufacture. Its percentage 
composition is as follows :— 


Per cent. 
Nitro-glycerine ot Ne oi 58 
Guncotton .. ee es ite 37 
Mineral jelly ms oe <* 5 


This explosive has proved, after years of use, to be satisfactory 
in its stability, both chemically and ballistically. Its main 
defect is the erosion it produces, particularly in heavy ordnance, 
owing chiefly to the great heat it develops. The principal heat- 
producing factor in the compound is the nitro-glycerine, and 
for this reason a rearrangement of the proportions of gun- 
cotton and nitro-glycerine was approved on the recommendation 
of Lord Rayleigh’s Explosives Committee, and Cordite M.D., 
(modified cordite), lias the following proportions :— 


Per cent. 
Nitro-glycerine pa aK Vs 30 
Guncotton .. ae Ae 2 65 
Mineral jelly is <3 ar 5 


Before describing the general lines of the manufacture of 
smokeless powders, the principal properties which all smoke~ 
less powders should, as far as possible, combine, will be briefly 
referred to. 

Smokelessness—Smoke.is due to the presence of solid pro- 
ducts of combustion in avery fine state of division. Substances 
which, on explosion, could produce nothing but non-condensible 
gases would be perfectly smokeless; as, however, the explosion 
of practically all modern powders gives rise to vapour of water 
which condenses, they all show a slight amount of smoky 
vapour varying according to the degree of moisture in the 
air. This is slightly increased by the products of combustion 
of the small proportions of organic and inorganic matter, in 
most cases added as moderants. As a rule, the smoke is small 
in quantity and dissipates quickly. 

Freedom from Objectionable Products of Combustion.—The 
gases given off should not be such as will injuriously affect 
the firer. Carbonic oxide, a poisonous gas, is produced in con- 
siderable quantity by the combustion of most smokeles# 
powders, but as it is a combustible gas and, at the moment of 
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its production, highly heated, it takes fire on issuing from the 
barrel and burns away. Other objectionable gases, which it 
was thought nitro-powders might evolve, are nitrogen oxides, 
but these, under the ordinary conditions of firing, are not 
produced, or if produced are instantly destroyed again by the 
combined action of the large volume of reducing gases, carbonic 
oxide and hydrogen, and the high temperature, 

The tendency of rifle and gun barrels to become rusty after 
tiring nitro-powders was at one time ascribed to the presence 
of nitrogen oxide in the explosive gases, and special ofls 
containing alkali were recommended for cleaning the barrels. 
It is now understood that this tendency is due to another cause, 
ve, the fact that the very high temperature of the gases of 
explosion affects the surface of the bore and readers it more 
susceptible to the corroding action of air and moisture. 

Ereedom from Erosive Hffects. In the case of heavy guns 
the quantity of heat evolved has an important bearing on the 
amount of erosion, or wearing away, which takes place in the 
bore. 1t is greater with smokeless powders than with the 
old black powders, and greatest in the case of those of the 
former that contain nitro-glycerine. Although with these 
nitro-glycerine powders a lesser weight of charge, as compared 
with other smokeless propellants, is undoubtedly required for 
the production of the same velocities with lower chamber 
Pressures, yet, owing to the extra heat developed, the amount 
of erosion is larger with the first named powders. This is also 
the case with small arms and machine guns, especially the 
latter, and has led to the more general adoption of the 
pure nitro-cellulose class of smokeless powders for them. 
By reducing, however, the quantity of nitro-glycerine, as in 
ihe case of cordite M.D., the defect is overcome. 

Stability. Stability, both chemical and ballistic, under all 
vonditions of climate, storage and use, is undoubtedly one of 
the most. important properties of any explosive. With black 
powders, so long as they were kept dry, there was no question 
of want of stability. Now that the manufacture and proper 
purification of nitro-bodies are well understood, there is «also 
io difficulty in making those used for smokeless powders very 
‘lable. 

High velocities with moderate pressures. The introdaction of 
tiigazine rifles and quick-firing guns necessitated, not only the 
‘ployment of a powder producing little if any smoke, but also, 
‘0 enable the- weapons to develop their full effect, one giving 
imuch higher velocities than those obtainable with the old black 
powder, without exceeding the permissible limits of pressure in 
‘he bore. These improved ballistics became possible with the 
‘ow powders, owing, to a great extent, to their colloidal or 

(ructureless form. Ignition having taken place on the surface 
i! the flake, cube or cord, combustion can only proceed by 
‘ecessive layers, with the result that, although a much larger 
(olul volame of gas, and therefore greater velocity of the pro- 
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jectile is now developed than formerly, this development of gas 
takes place gradually during the whole time of the passage of 
the projectile down the bore, with correspondingly uniform 
distribution of pressure. The total propelling force is naturally 
greater than formerly, but, as it is more sustained, the maximum 
pressure is not correspondingly increased. It follows, therefore, 
that for equal velocities much smaller charges are required 
than was the case when black powder was used, and the 
chamber pressures are lower, also that for the same or even 
lower chamber pressures higher velocities are obtained. In 
the old powders, complete combustion of the explosive took 
place before the projectile had time to move far down 
the bore of the gun, high pressures were in consequence 
set up in the chamber necessitating a massive breech. As 
the development of the gas and, therefore, of the pressure 
fell off rapidly, the gun thinned down considerably towards 
the muzzle, and was comparatively short. For smokeless 
powders the guns are more uniform in outline to suit the 
more uniform distribution of pressure, and they are longer, to — 
enable the full effects to be obtained from the comparatively 
slow burning explosive. It is obvious that the property of burn- 
ing in successive layers affords a ready means of adapting the — 
new explosives to the various calibres of small arms and 
ordnance for which they are used. By increasing the thickness 
of the flakes or cubes, or the diameters of the cords or cylinders, 
the surface of ignition for a given weight is decreased, with a— 
corresponding decrease of initial development of gas and con- 
sequently of initial pressure, whereas the time of total combus- © 
tion is increased. The thicker the flake, cube, or cord, the: 
slower burning the powder, and the larger the gun in which ib 
can be advantageously used. 

Ease and safety of manufacture. The manufacture of smokeless 
powders consists in, firstly, the production of the nitro-com- 
pounds; and secondly, their treatment with suitable solvents to 
give them the required colloidal condition. As regards the 
manufacture of nitro-cellulose the operations are simple, and 
free from all risks, as, throughout the operations, the nitro- 
cellulose is always being dealt with in large volumes of water, 
in which condition it is quite harmless. ‘I'he manufacture of 
nitro-glycerine is one of more difficulty and danger. It is @ 
liquid very sensitive to friction and percussion, and, when acid, 
it has a great tendency to decompose spontaneously, if adequat 
means are not adopted for controlling the temperature while th 
material ig in contact with acids. The precautions to b 
observed in its manufacture are based on these considerations, — 

In most processes for the production of smokeless powders 
the nitro-cellulose has to be dried before further treatment, 
This operation must be conducted with great care, as dry nitro 
celluloses, particularly guncotton, are very sensitive to frictio 
and shock of all kinds. When once the solvent is added to th 
nitro-cellulose, or to the mixture of nitro-cellulose and nitro# 
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glycerine, the danger of accidents is much lessened, and the 
manufacture of smokeless powder from this point is much safer 
than that of the old gunpowders. In the latter case there was 
always present a more or less considerable amount of explosive 
dust which formed a highly explosive mixture with the air, 
ignitable by the smallest spark and liable to, in its turn, explode 
the dusty gunpowder in process of manufacture. In the case” 
of smokeless powders there is practically no dust, and the 
explosives themselves wetted with the solvent and more or less 
gelatinised, if ignited, would burn away very fiercely but 
without explosion unless confined; and even if confined, as in the 
press cylinders, an ignition or explosion would be entirely local, 
and would not spread to the bulk of the material under 
treatment. 

Physical properties. Most service, small arm, smokeless 
powders are in the form of flakes, cubes, cords, or cylinders 
either solid or tubular ; Sporting powders are required to be 
quicker burning, and are often granular like the old gunpowders, 
or in the form of very thin flakes. ‘Che colours vary considerably, 
and depend to a great extent on the added non-explosive 
ingredients. Pure nitro-cellulose powders are, as a rule, greyish 
or yellow; those in which nitro-glycerine is present, vary in 
colour from light yellow to deep brown. Sporting powders 
sometimes contain colouring matter, and are frequently coated 
with graphite, which gives them a silvery grey appearance. 
The surface of the flake, cube, and cord powders is usually 
smooth and hard, and in texture they are horn-like if made 
from nitro-cellulose, but softer and more of the consistency 
of indiarubber if containing nitro-glycerine. Their density 
varies according to the ingredients and method of manufacture. 
Unless they contain ingredients soluble in water, such as 
metallic nitrates, they are unaffected by damp, and they do 
not absorb any appreciable amount of moisture. They are 
more difficult to ignite than black powders, and, in the case 
of small arm powders, require a stronger cap. 

Experiments, carried out with cordite on several occasions, 
have shown that, when packed in the service stout wood boxes 
with screwed down lids, the boxes may be subjected to a fierce 
fire which will only ignite the cordite without explosion when the 
flames reach it, and that the corditein a box may be ignited and 
burnt away without exploding, or even setting fire to, boxes 
packed round it. Ag far as experiments have hitherto shown, 
most smokeless powdery are fairly insensitive to shock and are 
not exploded by the impact or passage through them of rifle 
bullets, even when made up in small arm cartridges packed in 
boxes. 

The manufacture of practically all natures of smokeless Manufacture. 
powders is generally conducted on the same lines, the principal 
operations being as follows :— 

(1) Incorporation and gelatinisation of the ingredients, by: 
means of a solvent, or by heat and pressure. 


(4148) ae 
Digitised by the Vickers MG Collection & Research Association 


180 


(2) Conversion of the gelatinised material into the desired 
form, by pressure, &c. 

(3) Elimination of the solvent. 

(1) For the first operation, a kneading machine is usually 
employed. It consists essentially of an iron box on suitable 
supports, open at the top, and provided with a removable 
cover, the bottom being shaped to form two semi-circular 
troughs, in each of which a spindle, with propeller-shaped 
blades, revolves. The spindles turn in opposite directions, 
one moving at twice the speed of the other. The blades revolve 
in close proximity to the bottom of the machine and the material 
is continuously being squeezed between the blades and the 
bottom, and between the blades themselves as they approach 
each other along the centre line. The action is, in fact, a 
kneading one, and the machine is very similar to those used for 
making biscuit dough, and for many other like purposes. 

The nitro-cellulose and any other ingredients are thoroughly 
dried as a preliminary step ; if nitro-glycerine is to be used it 
ig settled as free from water as possible. The dried nitro- 
cellulose is loaded into the incorporator which, as arule, contains 
a portion at least of the solvent, or a portion of the solvent 
may be roughly mixed with the nitro-cellulose before it is put 
into the machine. The other ingredients if any, are added, in 
a finely powdered condition if solid, either directly after the 
nitro-cellulose or at some suitable period during the incorpora- 
tion; if liquid, or if soluble in the solvent employed, they may 
be added with the latter. Nitro-glycerine is usually mixed 
roughly with the nitro-cellulose before charging into the 
incorporating machine, or it may be mixed with some of the 
solvent and added in this condition. 

The time of incorporation varies with the different com- 
positions and the quantity of solvent employed, and may last 
from four to eight hours. It is complete when the charge is of 
a uniform consistency, and shows none of the distinctive charac- 
teristics of any of its ingredients such as, for instance, the fibre of 
nitro-cellulose. In this condition it is usually of a dough-like 
consistency. 

In the manufacture of Ballistite, which is a mixture of 
soluble nitro-cellnlose and nitro-glycerine, the gelatinisation 
in the incorporating machine by means of a solvent is usually 
dispensed with, because nitro-glycerine has the property of 
itself gelatinising soluble nitro-cellulose when a mixture of the 
two is subjected to heat and pressure between rollers, as 
described below. Another modification is that of dispensing with 
the drying of the nitro-cellulose. The nitro-glycerine is added 
to the nitro-cellulose, suspended in a large bulk of water, and 
the whole thoroughly mixed by means of jets of compressed air. 
The nitro-glycerine displaces the water, the bulk of which is 
drained off first, and the remainder almost entirely eliminated 
by submitting the mixture to moderate pressure, the mixture 
is then passed through hot rollers, which treatment removes the 
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last traces of water at the same time as it effects the gclatini- 
sation. 

In the manufacture of some nitro-cellulose powders, notably 
in Austria, the nitro-cellulose is dehydrated by means of 
alcohol, which replaces the water and is itself either driven off 
by heat, or is retained in the nitro-cellulose, which is usually 
of the soluble variety, and thus forms part of the gelatinising 
medium. 

(2) In the case of flake or cube powders the pressing operation Pressing. 
differs somewhat from that employed for cords or tubes and is 
usually combined with the operation of removing the solvents 
and moisture. When the finished explosive is to be in the 
flake or cube form, the dough or paste is taken from the 
incorporating machines, whilst ina plastic condition, and rolled 
out into flat sheets between adjustable, horizontally placed, 
chilled, cast-iron rolls, which are hollow and are usually steam 
heated. The sheets are next placed in a drying stove where 
the solvent is driven off by heat. After drying, the sheets are 
again passed between heated rollers, placed vertically as a rule, 
to remove irregularities and blisters formed during the 
previous drying. In the final rolls the material is given the 
required thickness by folding the thin sheets over and over, and 
passing them backwards and forwards through the hot rolls. 
In these operations the sheets are so thoroughly welded 
together that, when cut through vertically, no dividing lines can 
be detected. The sheets, when finished rolled, are first of all 
cut into strips, and then the strips cut into flakes or cubes accord- 
ing to the thickness of the original sheet. The finished powder is 
finally dried, to expel as far as possible the last traces of the 
solvents and moisture. A temperature of about 40° C. is 
usually employed. The flake small arm powders are usually 
blackleaded, mainly with a view to their running freely in the 
cartridge loading machines. 

To produce a cord or tube powder, the incorporated material 
is transferred, with as little loss of solvent as possible, to the 
cylinder of the pressing machine. This cylinder, secured in a 
suitable frame work, is open at the top and closed at the bottom 
by a removable plug, having one or more holes or dies in it of 
the size and shape to produce the finished form required. If 
tubes are to be produced pins are arranged so as to project into 
the holes of the dies. A plunger, actuated either by means or 
a screw and suitable gearing, or by hydraulic pressure, is made 
to enter the open end of the cylinder and, in descending slowly, 
it forces the material in a continuous thread or tube out through 
the dies. The cord or tube, as it Jeaves the die, iscut at once to 
the length required and packed on wooden or other natures of 
shallow trays, or it is reeled on drums, usually of metal, 
without being cut. 

(3) The removal of the solvents and moisture, in the case of Drying. 
cords or tubes, is a distinct process, following the production of 
the material in its finished form. The trays or reels, containing 
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the explosive, are arranged ina drying stove, where the solvents 
and moisture are expelled at a temperature of about 40° C., 
the length of time, required for this, depending on the diameter 
of the material. In the case of nitro-glycerine powders the 
drying can be more completely effected than in the case of the 
nitro-cellulose ones; the greater also the proportion of nitro- 
glycerine, the quicker and the more thoroughly is the drying 
effected. 

To ensure uniformity in ballistics of the finished explosive, 
blending of different batches is resorted to. 

The smokeless powders in use for military small arm car- 
tridges are conveniently classified under two main heads :— 

(1) Those composed of nitro-cellulose, either alone or with 
small quantities of other explosive or non-explosive ingredients. 

(2) Those containing nitro-glycerine, in various proportions, 
as a further ingredient. 

The military small arm powders of Class I are those of 
Argentine, Austria, Belgium, Brazil, Bulgaria, China, Columbia, 
Denmark, France, Germany, Holland, Japan, Mexico, Portugal, 
Roumania, Russia, Servia, Spain, Switzerland, Turkey, United 
States, Uruguay. 

To Class II belong the powders of Great Britain, Italy, and 
Norway. 

Further particulars are given in Table IV, Appendix. 
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Smatt-Arm Ammunition, CHARGHRS AND CLips. 


In the earlier stages of firearms, the bullet and the powder 
were carried separately. At the commencement of the 17th 
century, Gustavus Adolphus, King of Sweden, caused the gan- 
powder, which had hitherto been carried in flasks or bindoliers, 
to be made up into cartridges and carried in pouches. The 
packing together of each bullet and its charge of powder to 
form a complete cartridge, containing also its own means of 
ignition, followed shortly after the discovery at the early part 
of the 19th century, of the percussion cap. This form of 
cartridge was peculiarly suited to the breech-loadiag system, 
and was first introduced by Dreyse for the original breech- 
loading needle-gun of Prussia. The bullet of his cartridge 
was egg-shaped, the base fitting into a shoe or wad of com- 
pressed paper, which carried the percussion cap in the 
opposite side. The wad being of larger diameter than the 
bullet imparted rotation to it, bat was weakened so as to fall 
to pieces on leaving the muzzle. The powder charge, bullet, 
and wad were made up in a case of rolled paper, closed in rear, 
and tied up over the point of the bullet. The needle pierced 
the base of the paper cartridge, and, passing through the powder, 
ignited the cap. In the cartridge for the French Chassepdt of 
1866, there was no cup-shaped wad, the cap being secured to 
a disc of cardboard at tha base of the paper cartridge case, 
another disc carrying a grease wad, was placed behind the 
bullet. The bullet itself was surrounded by greased paper, 
which did not cover the point, but extended about half-way 
down onthe exterior of the paper case, and was tied to it. 
The cartridges for the Swedish and Russian rifles, patterns 
1867, and the Italian rifle, pattern 1868, were of similar 
construction. 

Paper cartridges, however, were found not to be self-con- 
suming, as was expected, neither did they stand satisfactorily 
the rough usage of service, nor, which was of more importance 
still, did they effect the obturation of the breech, the escape 
of gas to the rear being provided against in the rifles in which 
they were used, by the special construction of the breech 
mechanism. 

The desirability of sealing the breech, by means of the 
cartridge case itself, had long been recognised, and it was 
in this country that this principle first received practical 
application to military small arms, by the invention of Colonel 
Boxer in 1865, for the Enfield muzzle loading rifle converted 
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to a breech loader on the Snider principle, of the coiled 
metal built-up, central-fire, cartridge which originally bore 
his name. 

The Boxer cartridge, or, as it is now called, the “rolled, 
case” cartridge, was approved for use with the Martini-Henry 
rifle, when that arm was definitely adopted in 1871. See 
Plate LVIIT. 

Our original example was quickly followed by other nations, 
and the general introduction of breech loading arms was accom- 
panied by that of metallic cartridges; the cases, however, 
instead of being built-up ones of coiled brass with iron base 
disc and separate cap chamber, were generally made of copper 
or brass drawn out solid from a round disc, the cap chamber 
being raised out of the solid metal of the base disc itself. 

Solid drawn cartridge cases, which are stronger and which 
keep their shape better when subjected to the rough usage off 
active service, were not introduced in this country, except for 
machine guns, for which they are a necessity, until after the 
Egyptian campaign of 1885, when, owing to the complaints: 
which were made that the rolled case cartridge would not extract 
veadily after firing, a supply of solid drawn cartridges for the 
Martini-Henry arms was made for foreign and active service. 
The rolled case cartridge, however, being cheaper, was still 
manufactured for range practice. 

On the introduction of the ‘303 magazine rifle, solid drawn 
cartridges only were made for use with it. 

However perfect in every respect a rifle may be, it will not: 
shoot accurately unless the greatest care is taken to design a 
suitable cartridge for use with it, and to manufacture the 
cartridges accurately. So far as the accuracy of the shooting is. 
concerned, the cartridge is quite as important as the rifle. 

The modern military cartridge is expected to make accurate: 
shooting and to impart a high muzzle velocity to the bullet so. 
as to obtain a flat trajectory, and sufficient wounding power. 
The bullet should retain as much as possible its velocity and 
accuracy at long ranges, the maximum pressure should be well 
within the amount the rifle can withstand, and the cartridge 
should be durable and keep well. 

The construction of the cartridge may be conveniently con- 
sidered under the following headings :— 

The bullet. 

Wads. 

Lubrication of the bullet. 
The charge of propellant. 
The cap. 

. The cartridge case. 


Oo bor 


In selecting a metal for bullets, there are several conditions 
to be observed: Ist, the metal should be as non-elastic as 
possible; 2nd, it should he suificiently malleable so that perfect 
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expansion may be ébtained by the action of the explosive; 
3rd, it should be of sufficient hardness so that its form should 
not be destroyed by the action of the explosive, and that 
it may destroy animal life; 4th, the metal should be of 
the greatest density possible; 5th, it should be of moderate cost. 

Lead, which is a very common metal and easily obtained, is 
one of the most inelastic substances with which we are 
acquainted; it requires the least force of all the metals to 
perfect its expansion, and it makes but little effort to resume 
its former shape after it has been altered by any force impressed 
upon it. The mixture of any other metal with lead will affect 
its property of non-elasticity. 

In using a hardening material in combination with lead, care 
should be taken to use no more of it than is necessary to attain 
the required object, in order to retain as much density and 
expanding power as possible. By hardening lead its penetrating 
power in one sense is increased, but its density and power ot 
expansion is diminished. 

With the Snider rifle pure lead was used to ensure the 
bullet, which was smaller than the bore, being set up into the 
rifling. 

“The Martini-Henry bullet was composed of one part of tin 
to twelve of lead, for the great expansion required by the 
Snider bullet was not needed, as there was a higher maxi- 
mum pressure and a greater length of bullet to effect 
the “setting up” or expansion of the bullet in the rifling. 
On account of this higher pressure it was necessary to give 
the bullet a greater power of resisting deformation. The 
Snider bullet was 1:8 calibres and the Martini-Henry bullet 
2°8 calibres in length ; both weighed 480 grains. 

The cylindrical portion of these bullets was papered with 
thin greased paper to prevent the grooves and surface of the 
bore from becoming “leaded”; but if there was much fouling 
in the bore, it was certain after a time to become leaded even 
though the bullets were papered. 

The old lead bullet was no longer suitable for the high 
velocity, and rapid rotation, which it is necessary to impart to 
the long, light bullet of modern weapons—the length approach- 
ing closely, and sometimes even exceeding 4 calibres—-to 
ensure its stability in its passage through the air. Such a 
bullet, if made of lead, would “strip,” or be driven ont of the 
barrel across the lands without following the grooves, and it 
would also be partially fused by the heat developed, partly by 
the smokeless powders now in use, and partly by the friction 
due to the high velocity. The bullet therefore employed in 
the small calibre magazine rifles of the present day is a com- 
posite one, consisting of a core, either of soft lead or more 
generally of lead hardened with antimony, and a casing or 
envelope of some harder metal, soft steel or iron, or an alloy 
of copper and nickel being usually employed. The core is 
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inserted from the rear end of the envelope, which is afterwards 
turned in over the base of the core; the envelope itself is solid 
drawn and consequently has a solid point somewhat thicker 
than the sides. 

The bullets are, as a rule, made with a diameter equal to 
that of the rifling across the lands (that is to say, the nominal 
calibre of the rifle) plus about the depth of one groove; in 
some instances even, this is exceeded, the diameter of our 
bullet, for example, is the diameter of the bore across the lands, 
plus the depth of 14 grooves. The result of this is, therefore, 
that the lands cut into the bullet, besides the bullet itself 
expanding on the shock of discharge into th» grooves. This 
squeezing of the bullet into the rifling is called “ engraving” ; 
it is carried out gradually by the “lead” or conical funnel 
which leads from the end of the chamber of the rifle into the 
bore. If the bore were to end abruptly at the commencement 
of the chamber, the sharp ends of the lands would cut strips 
out of the envelope of the bullet, and the latter would fly to 
pieces as it left the muzzle. 

In Table IV, Appendix, the material used by the different 
Powers for the envelopes of their rifle bullets is stated. It will be 
seen that cupro-nickel is the favourite. Germany, Greece, Hol- 
land, and Turkey use steel envelopes coated with cupro-nickel, 
Austria uses greased steel, and Japan copper envelopes. Bullets 
with cupro-nickel on the surface are apt occasionally to set up 
metallic fouling ; this latter consists of a minute deposit of metal 
in the form of fine streaks on the lands and in the grooves of the 
rifle. Bullets with greased steel envelopes do not appear to 
possess this failing to any marked degree; but they wear away 
the bore more rapidly than cupro-nickel envelopes. The dis- 
advantages of metallic fouling are that it may impair the velocity 
and accuracy of the bullet. When it occurs it is usually to be 
found near the muzzle, and is more pronounced if the charge 
is increased in order to give a large increase to the velocity of 
the bullet. It is more likely to occur when a large number of 
rounds are fired from the rifle without cleaning. Where the 
bore of a rifle has been allowed to become rough from want of 
cleaning it is natura!ly more liable to pick up metallic fouling. 
The best way to remove the fouling is to use a double pull- 
through with the wire gauze packed so as to fit the bore very 
tightly, taking care not to rub the breech or muzzle with the 
cord of the pull-through. It may also be removed by means of 
a preparation known as “ K.N.S.,” which dissolves it out. 

The bullet of the Swiss cartridge is of peculiar construction. 
The body is of hard lead, with an envelope of nickel-plated steel 
over the point only; the remainder of the bullet is covered with 
paper lubricated with vaseline. The lower portion of the bullet 
entering the cartridge case is reduced in diameter. The wound- 
ing power of this bullet is very great, though the velocity of 
the Swiss rifle is low compared with other military rifles. 
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Pointed bullets are being introduced by the Powers, because 
a sharp head offers less resistance to the air than a rounded 
head, so the bullet maintains its velocity better and the 
trajectory is flatter. In order to further flatten the trajectory 
at moderate ranges, which are of greater military importance 
than the extreme ranges, the bullets are made lighter, which 
allows of a higher muzzle velocity. 

To further reduce the resistance of the air, the French have 
slightly tapered the rear part of their bullet. This also reduces 
the vacuum formed at the base of a bullet when in flight. It 
is undesirable to entirely get rid of this vacuum, as it acts as a 
drag on the base, like the feathers on an arrow, and helps to 
steady the bullet. The disadvantage of a taper base is the 
difticulty of ensuring that the bullet is truly centred while it is 
being driven into the “lead” of the bore, especially when the 
“lead” is worn. ‘The French bullet (Balle D) is solid, and is 
made of a copper-zine alloy. This prevents the taper base 
setting up and becoming cylindrical on firing. 

Light pointed bullets have now been adopted by Germany, 
United States, Austria, Spain and Portugal. 

Bullets have also been designed with a view to piercing 
field artillery shields. They consist of a cupro-nickel or soft 
stcel envelope, thicker at the head than at the sides. A hard 
steel core fills the head and extends ? of the length of the 
bullet, while round the sides of the core and at the back the 
envelope is filled: with lead. The lead permits the envelope to 
be pressed inwards by the rifling, and allows the rear part of the 
bullet to set up and seal the bore. Sucha bullet is effective for 
the object for which itis designed, but would lack wounding power. 

Most cartridges for large bore military rifles had wads of some Wads. 
kind between the powder charge and the base of the bullet. 
The use of these wads was to prevent any of the powder gas 
escaping round the bullet on the ignition of the charge, and 
before the bullet has set up into the grooves, and with the 
old rifles which fired lead bullets and black powder the wads 
partially cleared the bore of fouling. In the Martini-Henry 
cartridge there was a glazed board wad over the powder, then 
a beeswax wad, then two more glazed board wads. It used 
to be generally supposed that wads of wax or grease lubricated 
the interior surface of the barrel, and were gradually expended 
as they passed up the bore by being smeared on its surface. 
This is not the case, however, with the Martini-Henry, for if 
some of the wads fired from this rifle be picked up they will 
be found to be of the same weight as similar wads taken from 
unfired cartridges. Although wax wads are not generally 
employed with smokeless explosives, a thin wad of cardboard 
or similar material is sometimes inserted between the explosive 
and the bullet, to increase accuracy and reduce wear by pre- 
venting the escape of gas past the bullet before it has been 
fully driven into the rifling. With cordite cartridges a wad is 
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employed for this reason, but with most small-bore cartridges, 
with granular powders, there is no wad, the bore being sealed 
by the bullet before any great escape of gas has taken place. 

With the old lead bullets Inbrication was effected by some 
substance such as grease, wax, or a mixture of them, which is 
either smeared on the paper round the bullet, or in the case of 
a naked bullet, fills one or more cannelures in the cylindricalh 
portion. Wax is a better lubricant than grease, as the latter 
melts at a low temperature, and corrodes lead when in contact 
with it. 

Lubrication was considered of advantage with a view to pre- 
venting the fouling from the black powder from taking a firm 
hold on the surface of the bore, and so rendering its removal 
easier. 

The smokeless powders now in use do not deposit a layer of 
fouling in the bore, therefore a lubricating wad is no longer 
used. Cartridges, however, which are made up in chargers o1 
clips, which are then packed in twos or threes in cardboard 
boxes for issue, generally have the bullets covered with some 
grease or oily lubricant, especially when the envelopes are made 
of soft steel or iron. This lubricant serves the double purpose 
of protecting the metal of the envelope from oxidation, and of 
depositing a film on the surface of the barrel, thereby preventing 
the contact of two clean metals and the consequent liability of 
a metallic deposit from the envelope, in the bore. External lubri- 
cation of the bullet not being permissible in our service, a can- 
nelure is made near the base, this is filled with beeswax, and 
that portion of the bullet which enters the mouth of the case is 
beeswaxed also, making a practically watertight joint. 

The ideal action of an explosive in a rifle is that the maximum 
pressure should be low, and after the maximum pressure has 
been reached it should be maintained up to the moment the 
bullet leaves the muzzle, the charge of explosive being com- 
pletely consumed at the same moment, so that none is blown 
out after the bullet and wasted. 

Such an action has never been attained, as the explosive 
cannot in practice be made to provide ‘a continuous supply of 
gas exactly sufficient to maintain the maximum pressure in the 
growing space behind the rapidly moving bullet, and for other 
reasons which need not be discussed here. 

The factors which govern the rise of pressure with any given 
explosive are as follows :— 


(1) The density of loading, or space occupied by the charge 


. behind the bullet. 


(2) The method of ignition. 

(3) The form and nature of the explosive as affecting its rate 
of ignition and burning. 

(4) The initial resistance to motion offered by the bullet. 


(1) This will be fully dealt with in Chapter IJ, Part It, 
Internal Ballistics. 
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(2) Modern nitro-powders are much more difficult to light 
than the old black powders, and irregularity of ignition is very 
common with them. This is due to their surfaces being usually 
hard and horny, owing to the gelatinising process generally 
employed in manufacture. Such irregularity, owing to the 
extreme regularity and comparative slowness with which the 
nitro-explosives burn, when once they are lit, results in 
irregular rise of pressure and disappointing ballistics. 

(3) This is dealt with in the chapter on Internal Ballistics. 
It is sufficient here to state that horny, smokeless explosives 
burn only at their surface. Hence, by regulating the amount 
of surface that a given weight of explosive possesses, the rate of 
burning can be regulated. If the explosive be in large grains 
or cords it obviously has a smaller surface for ignition and 
burning than the same weight of explosive disposed in smaller 
cords or grains, and therefore will burn more slowly than the 
latter. 


(4) The initial resistance to motion offered by the bullet :— 

Immediately the bullet moves the space occupied by the 
gases of combustion increases, and the pressure tends to fall. 
The resistance offered by the bullet must be sufficient to cause 
the complete ignition of the charge, z.c., the flame should get 
well round the sticks or grains, and burning should commence 
evenly all over the charge, otherwise much of the latter is 
blown out of the barrel unconsumed. This is due to the diffi- 
culty of ignition, and slow burning, referred to in (2). 
farther, the resistance must be regular, to ensure regular 
ignition and ballistics. 

This necessity for considerable initial resistance being 
required to render explosion (i.e., rapid burning) a certainty, 
i the cause of the complications with the smokeless blank car- 
tridge for the -303 rifle. 

A safe nitro-explosive, however finely powdered or divided, 
cannot be depended on to explode, except under pressure. The 
word “safe” implies that the powder will, in no ordinary 
circumstances detonate. 

It is quite easy to get ordinary (ie., ungelatinised) gun- 
cotton to explode, when simply ignited, without any initial 
pressure. Unfortunately, however, it will occasionally detonate, 
instead of simply exploding. 

In the ideal cartridge therefore :— 

The density of loading will be kept low; 

The cap will be powerful and regular ; 

The charge of explosive will be regular in weight and slow + 
burning, so as to reduce chamber pressures and let the maxi- 
mum of work be done, all along the barrel, up to the muzzle 
but so shaped that it will ignite and burn regularly, and be 
completely consumed within the barrel. 

The bullet will vary but little in its shape or diameter, or in 
the hardness of the metal constituting its envelope and core, it 


Digitised by the Vickers MG Collection & Research Association 


The cap. 


Cartridge 
cages. 


Chargers and 
clips. 


190 


will have the smallest variation in weight, compatible with 
reasonably simple manufacture. : 

Practically the cartridge is alwaysa compromise. To reduce 
bulk and weight, which vitally affect the number of cartridges 
which can be conveniently carried either for, or by the soldier, 
tke size is kept down, and the deusity of loading is corre- 
spondingly kept up. The adoption of a light pointed bullet 
appreciably increases the number of rounds per man that can 
be carried. 

The cap composition in use with cordite varies somewhat 
from that with black powder. The proportions of fulminate 
of mercury and chlorate of potash are reduced, whilst some 
mealed powder and sulphur are added with the object of pro- 
ducing a more powerful and slower flame, which is necessary 
owing to cordite being less rapidly ignited than black 
powder.* 

The cartridge case must combine the qualities of strength 
and lightness, and be of such a form as to render the operation 
of extracting the empty case from the chamber of the rifle as 
easy as possible. 

Brass is the alloy which has generally been selected as the 
most suitable material from which to form the cases, for it is 
comparatively cheap, and possesses to a greater degree than 
any other alloy, or pure metal, the necessary properties of 
being light, ductile, and elastic. In ordinary circumstances 
also 1t does not corrode or otherwise deteriorate. 

To economise space in the magazine the cartridges are 
always bottle shaped, otherwise their length, if their maximum 
diameter were kept the same as the bullet, would be incon- 
veniently great. Several of the foreign cartridges have no 
base rims ; a groove for the extractor being cut in the solid 
head of the case. This allows of the cartridges packing closely 
side by side in the charger, and prevents any jam occurring 
through the rim of one cartridge in the magazine getting in 
front of the rim of the cartridge next above it. With these 
cartridges there is no rim to form a definite stop to prevent the 
case from entering too far into the chamber; when a mis+-fire, 
or a difficulty in extraction, or possibly even a circumferential 
separation, due to want of proper support by the face of the 
bolt might result. These rimless cartridges, however, generally 
have a pronounced shoulder which serves as a stop. 

The Japanese cartridge case, which is semi-rimless, combines 
the advantages of the two systems. 

The bullets are fastened into the cartridge cases by the 
mouth of the case being swaged on to the bullet, or by the 
case being stabbed into a cannelure in the bullet. 

Cartridges are carried in chargers and clips (see Plates LXI 
to LXV) in order to accelerate the rapid loading of the 


* The latest cap composition is composed of sulphide of antimony, 
chlorate of potash, fulminate of mercury, sulphur, and mealed powder. 
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magazine. Chargers are used by being placed in grooves in 
the body over the magazine, when the cartridges are swept out 
of them by the thumb into the magazine, and the empty charger 
thrown away. 

Clips with their cartridges are placed in the magazine, the 
clip being held down by a catch, vide Plate V of the Austrian 
Rite Pattern 1888/90. The cartridges are fed up by the 
magazine lever, or platform, which is made sufficiently narrow 
to pass between the sides of the clip. When the cartridges 
are expended, the clip falls out through an opening in the 
bottom of the magazine. 

Chargers are usually made of steel; when used with rimless 
cartridges, their sides do not extend much past the extractor 
groove round the base of the cartridge. In this type of 
charger (known as the Mauser charger) a thin undulating flat 
spring presses the cartridges forward, so that the extractor 
grooves bear firmly against the ribs, on each side of the charger, 
which act as guides to the extractor grooves (see Plates LX1 to 
LXII1 of the Belgian, German, Japanese and Spanish chargers). 

Rim cartridges require more support to prevent them getting 
askew, while being pressed down into the magazine, hence the 
sides of the Russian and the English chargers extend further 
along the cartridges, and keep them in line by lateral pressure. 

The Swiss charger consists of a millboard receptacle which 
is open at the bottom. 'The bottom edges of the sides and ends 
are formed of tin; they are provided with four flaps, which 
project inwards and retain the cartridges. A broad groove for 
the thumb is cut partly down the left side, and completely 
down the right, to enable the cartridges to be swept into the 
magazine, the above-mentioned flaps being forced open in the 
operation. 

All the above chargers contain five cartridges except the S wiss, 
which holds six, with a greater number of cartridges a jam 
would be more likely to occur on sweeping the cartridges out 
of the charger into the magazine. 

The Dutch and Roumanian clips (see Plates LXIV and LXV) 
are very similar. Their backs are slightly curved on account of the 
rims of the cartridges being so much broader than the shoulders. 
The sides of the clips at each end are slightly turned inwards, 
to retain the cartridges; and indentations in the sides form a 
guide for the rims, except at each end, so as to allow of the 
bolt pushing the cartridges forward out of the clip. 

The Italian clip, being for rimless cartridges, has a straight 
back, as the cartridges lie practically parallel to each other. 
The indentation in each side forms a rib internally, which acts . 
as a guide for the extractor grooves of the cartridges. All the 
above clips can be inserted into the magazine, either end up. 

The Austrian clip can only be inserted into the magazine 
one end up. The cartridges lie with their bullets sloping 
upwards, and the bases of the cartridges one behind the other. 
The back end of the clip forms a groove, along which the bases 
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of the cartridges pass. This is an earlier, and less perfect form 
of clip than those above described. All these clips contain five 
cartridges, except the Italian, which contains six. 

It is important to keep the weight of the charger or clip as 
low as possible, for with large numbers the total weight becomes 
considerable. For example, with an army containing 200,000 
infantry, supposing that 350 rounds per man were provided, and 
that each charger, when empty, weighed 194 grains, the total 
extra weight of the chargers would be 173 tons. 

The following table gives the weights of the clips and chargers 
used by the various Powers, and the percentage that the weight 
of the clip or charger bears to the weight of the cartridges they 
carry :— 

— 


Percentage of 


| Weight of clip 


Country. weight of cartridges 

or charger. 8 ROME Y 

| Grains. | Per cent. 
Austria we a6 nied 312 | 13:7 
Belgium ie A at 78 | 3°5 
Germany .. Gg vif 109 | 5:1 
fa (S bullet) .. sh 109 | 5:9 
Great Britain ws & 194 | 9°3 
Holland se ra ate 176 | 10 *4 
Ttaly .. ae oe sii 192 \ 9°6 
Japan .. aA ay pal 133 | 7-6 
Roumania .. ae ine 171 | 9°8 
Russia. . 2 ae ied 130 i Ae’) 
Spain .. es ae eS 147 79 
Switzerland .. se oe] 295 11°6 
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PART II. 


Tue Ba.uistics or SMALL ARMS. 


CHAPTER I. 


Derinitions AND Units. 


Ballistics is the science which investigates the motion of 
projectiles. It may, for our purposes, be conveniently divided 
into— 

(a.) Interior Ballistics, which deals with the motion of the 
bullet while in the bore of the rifle. 

(b.) Heterior Baliistics, which deals with the motion of the 
bullet after it has left the muzzle of the rifle. 


The awis of the rifle is the straight line passing down the 
centre line of the bore. 

The calibre is the diameter of the bore in inches measured 
across the lands. 

The line of sight is the straight line passing through the 
sights of the rifle and the point aimed at. a 

The angle of sight is the angle which the line of sight makes 
with the horizontal plane (S, fig. 1). 

When the line of sight slopes downwards, as in fig. 1, A, the 
angle of sight is usually called the angle of depression. 

The line of departure is the direction in which the shot is 
moving on leaving the rifle; or in other words, a tangent to 
the trajectory at the muzzle. 

The angle of departure is the angle which the line of departure 
makes with a horizontal plane (D, fig. 1). 

The trajectory is the curve described by the C.G. (centre of 
gravity) of the bullet in flight (7e., the curved line GT in 
Rig lA.) Bz 

Range is the distance GT from the muzzle of the rifle G to 
the intersection T of the trajectory with the line of sight. 

The plane of sight and departure is the vertical plane passing 
through the lines of sight and departure respectively. 

Drift is the deflection of the projectile from the vertical plane 
of departure, due to the rotation imparted by the rifling of the 
rifle. It is sometimes termed Deviation. 

The quadrant angle is the angle (Q, fig. 4) which the axis of 
the rifle, when laid, makes with the horizontal plane. 

It is termed quadrant elevation or depression (Q.E. or Q.D.), 
according as the rifle is laid above or below the horizontal 


(4148) N 
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plane; the term depressed fire means that a rifle is fired at a 
quadrant angle of depression (Q.D.). 

The angle of tangent elevation (T.E.) is the angle ketween the 
axis of the rifle and the line of sight (T, fig. 1). 


Fig. 1, B. 
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The angle (S) made by the line of sight with the horizon 
must be added or subtracted to obtain the quadrant angle of 
elevation or depression from the tangent angle; subtracted in 
fig. 1, A, added in fig. 1, B. 

The angle of projection is the angle betwéen the line of 
departure and the line of sight (P, fig. 1). 

Jump is the angle between the line of departure and the axis 
of the rifle before firing (J, fig. 1). If the angle of departure 
is greater than the quadrant angle, the jump is said to be 
positive, if less negative. 

The angle of descent is the angle which a tangent to the 
ae at the point of impact makes with the line of sight 
(P, fig. 1). 

The angle of arrival is the angle which a tangent to the 
trajectory makes with the horizontal plane (, fig. 1). 

The angle of incidence is the angle which a tangent to the 
trajectory at the point of impact makes with the normal to 
the surface struck (¢, fig. 1). 

In the “ Appendix to Training Manuals,” and in ‘Musketry 
Regulations,” we have also the following definitions :— 

The first catch is that point where the bullet has descended 
sufficiently to strike the head of a man whether mounted or 
standing, kneeling, lying, etc. 

The first graze is the point where the bullet, if not interfered 
with, will first strike the ground. 

The dangerous space for any particular range, is the distance 
between the first catch and the first graze. 


Puysican Drrryirions. 


The velocity of a body is its rate of change of position. 

The velocity of a body is measured, if constant, by the 
number of units of length (feet) described in the unit of time 
(the second). 

Thus, if s feet is described in ¢ seconds, the velocity, v, is 
given by-— 


as ; feet per second (f.s.) 


If the velocity is variable then ; is the average velocity in f.s. 


with which s feet is described in ¢ seconds, and the actual 
velocity at any point is the average velocity over a very small 
distance enclosing the point. 
Acceleration is the rate of change of velocity. 
It is measured, if constant, by the growth of velocity (in f.s.) 
per second (abbreviated to f.s.?), 
Thus if the velocity grows at a constant rate from V to v in 
¢ seconds the acceleration a is given by— 
a=(v—V)t, 
v=V + at. 
(4148) w 2 
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If the velocity is decreasing instead of increasing we may 
consider the acceleration as negative, and it is then frequently 
referred to as a retardation. 

As a familiar example of a constant acceleration we may take 
the acceleration.of gravity. Denoting this by g (= 32 approx.) 
the velocity of a body falling freely will be accelerated g f.s. per 
second, whereas if projected vertically upwards, the velocity 
will be retarded g f.s. per second. 

Muzzle velocity is the velocity of a projectile on leaving the 
muzzle. 

Remaining velocity is the velocity at any point of the trajectory. 

Striking velocity is the velocity at the point of impact. 

Force is that which produces, tends to produce, or prevents 
motion in a body. 

The unit of force employed in ballistics is the attraction 
of the earth on one pound or one ton. 

Strictly speaking, it is the tension of a thread or rope, 
supporting one pound or one ton, thus allowing for a slight 
discount in the attraction of the earth due to its rotation. This 
unit of force is a statical or gravitational unit, and it changes 
slightly, but quite inappreciably for our purposes, for different 
places on the earth's surface. 

Stress is the action of balancing forces; it is estimated in 
units of force per unit area, generally in pounds or tons per 
square inch, abbreviated in writing to lb./in. or tons/in.’ 

Pressure is a stress tending to prevent the approach of two 
bodies together. 

Tension is a stress tending to prevent the separation of two 
bodies. 

Total thrust or pull P is the product of the stress p and the 
area A in square inches over which it acts, or 

P=pA, p=P/A. 

Strain is the deformation produced by stress. 

Compression is the strain produced in a body by pressure. 

Betension is the strain produced in a body by tension. 

The limit of elasticity of a substance is the least stress pro- 
ducing permanent strain. ; 

The tenacity of a substance is the breaking tension. 

Blasticity and tenacity are expressed in tons on the square 
inch in practical work. 


Units. 


The British units employed in ballistics are unfortunately 
very numerous; care is therefore necessary to avoid confusion 
and consequent mistakes in calculations. 

Length— 

Yards for ranges and in Tabie M. 

Feet for heights of trajectories, and also for distances in 
Table K. 

Inches for calibres of rifles. 


Digitised by the Vickers MG Collection & Research Association 


197 


Weight— 
Tons and ewt. for the weights of ordnance. 
Lbs. and ozs. for the weights of rifles, and projectiles and 
charges of ordnance. 
Grains (gr.) for the weights of bullets and charges of 
small arms. 


7000 grs. = 1 Ib. avoirdupois. 


Angles are measured in degrees and minutes, the circum- 
ference of a circle being divided into 360° (degrees), and each 
degree into 60' (minutes). 

In the Metric system, which is largely employed in the United 
Kingdom, and universally on the Continent, ranges and heights 
are given in metres (m.), and velocities in metres per second 

m.8.). 
it 2 ais = 1:09 in yds. = 3-28 ft. (approx.) 

Calibres are in millimetres (m.m.), sometimes in centimetres 
(c.m.) for larger guns. 

1 millimetre = 0:1 centimetre = 0:001 metre = 0:0594 in., or 
Lin. = 25'4 m.m. 

Weights are in kilogrammes (kg.) ; or for small weights, such 
as rifle bullets and charges grammes (gm.) are employed. 

1 gm. = 0:001 kg. = 15-4 gr. or 1 kg. = 2:2 Ib. nearly. 

A more extended series of equivalents will be found in 
Table F. 


© 


“This part of the Treatise is written solely with the view 
“of imparting instruction in the methods of/ ballistic calculation, 


‘‘in as simple a form as possible. The values of the ballistic 


“coefficients and coefficients of reduction given herein must be 


“regarded as merely illustrative, as the discussion of 


the 
“variations to which these coefficients are subject has, for the 


“sake of clearness, been curtailed.” ©«s« 194. 
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CHAPTER II. 


Inrertor BaLuistics. 


Interior Ballistics was defined in Chapter I. as dealing with 
the motion of the bullet while in the bore of the rifle. It 
investigates the circumstances of the motion, and the relations 
between the pressure, volume, and temperature of the gases 
evolved by the explosion of the charge, also the work done by 
the expansion of these gases, until the bullet leaves the bore 
with a certain velocity, termed the muzzle velocity, and enters 
the domain of Exterior Ballistics. The gases of the charge 
actually continue to exert an influence on the velocity of the 
bullet after it has left the muzzle, the influence lasting until 
the pressure of the gases has fallen to atmospheric pressure. 

It is first necessary to define and explain some of the terms 
which will be frequently met with. 

Force and the unit of force have already been defined in 
Chapter I. 

If a force of P Ibs., acting on a weight of W lbs., produce 
an acceleration a f.s.2, we have by Newton’s 2nd Law of Motion 


a te 
PU ana ant PRON per Oly). 
Now suppose a force of P Ibs. to act on a weight of W lbs. 
through s feet and for ¢ secs., and to generate a velocity v f.s. 
from rest. 
Then from (1) and the fundamental equations of motion 
with constant acceleration 


sv =as= = 


Whence 
Pa oh ey sinh ae. paca 


Pi = —....... ha Giese aaa 

The product Ps of a force P lbs., acting through s feet in its 
own direction, is called the Work done by the force in ft. lbs. ; 
2 

and from (2) § We 
energy of a body weight W, moving with a velocity v f.s. 


The product Pé of a force of P lbs. acting for ¢ secs. is called 


Wv 
g 


is also in ft. lbs., and is called the kinetic 


its impulse, and is in second-pounds. Again, from (3) 
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is also in second-pounds, and is termed the momentum of 
W lb, moving with velocity v f.s. 

Work done by a uniform force can be represented graphically 
by a rectangular area in which the height is proportional to the 
force P, and the base to the distance s through which the 
force acts. 

Thus, if AD is proportional to P, and AB to s (fig. 2), the 
area DB will represent graphically the work done. 

Suppose at some point C on AB (fig. 3) the pressure suddenly 
alters; if at C we erect a perpendicular and mark off on it 
CF, proportional to the new pressure, and complete the 
rectangle F'B, the work will be represented by the sum of the 
two areas DC and FB. 


Fig. 2. Fig. 3. Fig. 4. 


A BAC BA. B 


If the pressure changes more than once we must take a 
greater number of rectangles (fig. 4), and the sum of the areas 
then represents graphically the work done by a pressure P 
which has suddenly changed in magnitude several times in 
acting on the body, over the distance AB. 

Now, suppose the pressure to change in magnitude, but to do 
so gradually as shown by the dotted line in fig. 4, in this case 
the number of rectangles becomes indefinitely increased, and 
the work done is represented by the area enclosed by the curved 
line (the locus of the corners of an indefinite number of 
rectangles). 

When the charge of cordite is ignited in the rifle by means 
of the cap, gas is evolved and exerts an increasing pressure in 
the interior of the chamber and base of the bullet. This 
increasing pressure soon becomes sufficiently great to force the 
bullet into the grooves of the rifling and start it on its travel up 
the barrel. The pressure when the bullet starts to move is 
about 05 to 1 ton/in?. As the bullet travels, the pressure 
increases very rapidly until when the greater part of the 
propellant is burnt a point of maximum pressure is reached. 
This will oceur when the bullet has travelled a few inches. 

The pressure then gradually falls to a certain muzzle pressure 
when the bullet leaves the bore, and there is then a further 
fall of the pressure of the gases from muzzle to atmospheric 
pressure. 

If we plot the travel of the bullet as abscissee and the 
corresponding pressures as ordinates, as can be done from the 
vesults of experiments, we obtain what is known as a pressure 
space curve. 
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Plate I shows a more or less diagrammatic curve of this nature 
for the ‘308 rifle, the travel being in inches and the pressure in 
ton/in’. 

‘he area A, B, C, D can then be measured with a planimeter, 
or estimated by some such method as Simpson’s rule. 

This will represent the work done by the gases of the 
propellant in in.-tons per in.* of cross section of the bullet 
while it travels from A to D. 

This work is principally expended in expelling the bullet 
(weight w lb. say) with a muzzle velocity of say V f.s., but a 
part is used up in friction, rotation of the bullet, and conduction 
of heat to the barrel. 

If F be the total work in ft.-tons, we will have 
Vv? 1 
y— 1 
trae ay Sea 


+ (work expended in friction, &c.). 


Making an empirical deduction from F for the second member 
of the right-hand side of this equation, we can deduce the 
probable muzzle velocity that may be expected. 

If the area of the pressure space curve shown in Plate I, be 
measured it will be found to represent about 156 in.-tons per 
sq. in. work done. 


Taking the effective area of the bore as 7 O 81)? = 0 0755 in.*, 
we have for the total work up the bore in ft.-tons 
156 ae 
: x 00755 


12 
= 0:°982 ft.-tons, 
making a deduction of say 10 per cent. for friction, we have 
equating the work to the muzzle energy, 


0-884 x 2240 = bw V 


215 
7000 
velocity in f.s., whence V = 2040 fis. nearly, which is about 
the muzzle velocity attached with this rifle. 

We will now consider some of the factors which influence: 
the maximum pressure reached, and the travel of the bullet at. 
which this is attained. 

Cordite and indeed, practically all modern smokeless powders 
for military purposes are, to allintents and purposes “ Colloids,” 
that is to say, they are solid bodies impervious to the gases 
produced on explosion, as opposed to porous bodies, and con- 
sequently only burnon the surface. For instance, a stick of 
cordite if lit all over, as is the case in a rifle chamber, will burn 
only on the surface, and as burning proceeds the diameter of 
the stick gets smaller and smaller till it is finally all converted 
into gas. If cordite, in the solid cylinder form, is blown out, 
partly unconsumed, from a gun or rifle it is found to be very 


where w = weight of bullet = lb., and V = muzzle 
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much decreased in diameter, but its form is still that of a solid 
cylinder merely reduced in size. Tubular cordite blown out, 
partly unconsumed, will be found to have burnt on the inside 
surface as much as on the outside, but in neither case is there 
any appearance of the flame having burnt the cordite below the 
surface. It follows, therefore, that here we have a means of 
regulating the rate of burning of our explosive, since the surface 
exposed affects the rate of burning of the powder and the con- 
sequent pressures, velocities, &c., obtained in the gun. The 
smaller the diameter of a cord the greater will be the surface 
per pound exposed, consequently a charge of small size cords 
will burn quicker than one composed of larger cords. 

Generally speaking, we may say that for charges of the same 
weight, the smaller the size of the cordite the greater will be 
the maximum pressure, and the sooner will it be reached. 

The size should also be so regulated that the charge is 
completely consumed a short distance from the muzzle; if the 
size is too large some of the cordite is blown out. unconsumed 
and will be wasted, whereas, if the size is too small, the charge 
being completely consumed a considerable distance from the 
muzzle, the pressure will not be so well maintained up the 
bore. 

Another factor is what is known as the Density of Loading of 
the charge. 

The density of loading above referred to, is the ratio of the 
number of cubic inches occupied by a pound of water at 
62° F. to the number of cubic inches allotted to each pound 
of the propellant, in achamber. In a rifle, the number of cubic 
inches allotted to each pound of powder is found by dividing 
the net capacity of the cartridge case (with bullet in position) 
by the number of pounds weight of the charge. The number 
of cubic inches occupied by a pound of water at 62° F. is 
27:73. Hence the density of loading is— 


27°73 x charge in lbs. 


net capacity of chamber. 

Taking the -303 Lee-Enfield rifle cartridge as ‘174 cubic 
inches net capacity, and the charge as 30°5 grains (i.e., 
00436 pounds) we allot to each pound of powder :— 

* 74 
00436 
Therefore our density of loading is 
aT 606. 
39-908 

With the old black powder charge—a strongly compressed 
pellet of fine grained powder—weighing 70 grains; the density 
of loading 


= 39-908 (cubic inches per pound of charge). 


27°73 x 70 


= 2073 x 10 _ 7-594, 
174 x 7000 
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The effect of a high density of loading or tight packing of 
the charge is to reduce the space into which the gases, evolved 
by the commencement of the burning of the propellant, can 
expand, and consequently a more rapid rise of pressure occurs 
than with the same powder loaded at a lower density of 
loading. 

In order to show the effects of combinations of size, density 
of loading and nature of explosive, the following results 
obtained in the °303-inch are given :— 


| 
Pressure. 
Nature. Charge. Velocity mean. | Maximum mean 
| allowed. 
(1) Mark I black | 70 grains special 1830 f.s. 19 tons. 
powder cartridge.| fine-grained 
powder, com- | 
pressed into a 
pellet. 
(2) Mark II | 31 grains size, 2000 fis. nhs Yaar 
cordite service | SF. | 
cartridge. | 
(3) Mark IL 32 grains size, | Not considered 20 ” 
second proof | 3. 
cartridge. | 
| 
(4) Mark IL 33 grains size, | Not considered 19°89 
cordite service 33. | 
cartridge, | 
exptl.lcad. | | . 


Comparing (1) and (2) the effect of the slow burning cordite 
in giving a moderate maximum pressure and maintaining the 
pressure well along the bore is clearly shown, since it gives 
9 per cent. more velocity for 13 per cent. less maximum 
pressure. The impossibility of bringing down the rate of 
ignition and burning of, and the consequent pressure given 
by, the black powder, even by very:heavy compression into the 
pellet form, with a very great increase of density and hardness, 
is also clearly shown. 

Comparing (2), (3) and (4), it will be noted how great an 
effect a slight reduction in the diameter of the cordite has on 
the resulting pressure arising from more rapid ignition and 
burning. The second proof cartridge gives at least 3} tons 
more pressure than the service cartridge with an increase of 
charge of only 1 grain; whereas double this increase of charge 
(viz., 2 grains, as at (4)), the diameter of the cordite remaining 
the same, gives an increase of 2°8 tons only. 

It should be specially noted that examples (3) and (4) are 
cited as instancing rise of pressure only. 

Size 3 is too small a size for use in the 303-inch if high 
velocities are wanted. 
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The actual temperature of the charge when fired has an 
important effect on the ballistics. The higher the temperature 
the greater will be the maximum pressure and the higher the 
muzzle velocity. 

Thus with the -303 rifle and the service cartridge at a 
temperature of 60° F., the maximum pressure will be about 
16 ton/in.? and muzzle velocity 2,060 f.s., while if the charge 
be warmed to 120° F. the figures will approximate to 
18 ton/in.? and 2,150 fs. 

Over a range of about 20° F. the muzzle velocity may be 
taken to alter at the rate of 2 f.s. for every degree. 

In the space available for this part of the subject in a Text 
Book of this nature, it has not been possible to give more than 
an outline of some of the principles. For a more extended 
treatment a consideration of the experiments and iffvestigations 
of Sir Andrew Noble, Sir Frederick Abel, and Major Mansell 
is necessary, while the methods and formule of Sarrau, 
Charbonnier, and Ingalls demand examination and attention. 

The systematic treatment of interior ballistics however, from 
a variety of causes, presents such difficulties that up to the 
present we are frequently driven back to purely empirical 
methods for practical use, and of necessity for a first 
approximation. 

By plotting the results of a number of experiments on 
logarithmic paper empirical formule of the monomial type 
can ke obtained, and such are very largely employed. 

Thus it is found for Mark I cordite that for a given size of 
cordite 

ER 1? nearly 4 i.e. reed (VY 
where P is the maximum pressure, and w is the weight of the 
charge; while 

Mies )iar?S mearlyy (al. ene oR) 
where V is the muzzle velocity. Again for a charge of given 
weight 

PX ( 1 \ 19 nearly (3) 
\p / 


where D is the diameter of the cords used in making up the charge. 
As an example of the use of these formule we may take the 
following problem :— 
' 31 gr. of cordite, size 32, are found to give a maximum 
pressure of 16 tons/in.? What maximum pressure may be 
expected with 33:5 gr. of size 3? 
From (1) 33°5 gr., size 3$, would give a pressure of 


‘33'5 12 
16 x ( *) 2-17-55 tonfin2 


3}? 
And from (3) 33°5 gr., size 3, would give a pressure of 
Par 3:75 \12 
17°55 x iP = 23 tons/in.? nearly. 


The realized pressure is stated to be 24 ton/in2 
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Another useful empirival formula is that given by Captain 
Hardcastle as holding good for the 0°303 rifle with a maximum 
chamber pressure of 20 ton/in.* and cordite Mark I. 


V = 5050 — 180 Jw, 


where V is the muzzle velocity in f.s., and w the weight of the 
bullet in grains. 

Thus 3,000 f.s. might be expected with a 130 gr. bullet, and 
2,500 f.s. with a 200 gr. bullet. 


The Measurement of Maximum Pressure and Muzzle Velocity. 


To measure the maximum pressure attained on firing a rifle, 
a crusher gauge is used; this consists of a copper cylinder with 
a central longitudinal hole in it for the striker to pass through. 
This “ copper” is compressed by the action of the powder gas 
so that it becomes shortened, the difference between the length 
measured before, and after firing, is called its compression, and 
the amount of compression is a direct measure of the actual 
maximum pressure to which it has been subjected. 
The measurements of the coppers before compression are as 
follows :— 
Length. 
External diameter. 
Diameter of longitudinal hole. ‘ 
Area of annulus. 


It is first necessary to “calibrate” the coppers, #.e., to deter- 
mine what each compression represents in tons/inch®. 

To do this a large number of coppers are compressed ‘in a 
press with suitable dead weights an4 the compression for each 
dead weight noted, and from the mean results we can draw up 
a table giving corresponding compressions and pressures. 

It is found in practice that it is impossible to ensure that all 
copper as supplied by the trade is of constant homogeneity, and 
it is therefore necessary to first determine, by pressing in a 
statical press, whether a copper is “ hard,’ or “soft,” and having 


‘found its degree of hardness or softness, an allowance is made 


for this in the tables. 

Thus, if a hard copper is used for taking a pressure in @ 
gun, the true pressure will not be recorded, in fact it will be 
greater than that recorded, owing to the hard copper resisting 
compression more than a normal copper, therefore a certain 
amount has to be added to the pressure as given by the tables, 
and vice versé for the soft coppers. (As a general rule for 
small-arm copper work, all this information is given on the 
tables for each set of coppers used.) Even if we could always 
ensure having coppers of exactly the same homogeneity, it 
would still be necessary to have them pressed, before firing, to 
slightly less than the compression, which will be caused by the 
powder gas. ‘The reason for this is that the piston of the 
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crusher gauge (or cartridge case in small-arm pressure work) 
should have as little movement as possible so as to obviate any 
possibility of dynamical action affecting the results obtained, 
and also to ensure better sealing of the cartridge case. ; 

The arrangements for taking pressures with small-arm 
ammunition are generally as follows :-— 

A very strong barrel, called a pressure barrel (see illus- 
tration), is provided with a breech arrangement on the wedge 
principle; the cartridge, having previously been dipped from 
the base up to the neck in Rangoon oil, is placed in the 
chamber, its base resting against a hollow piston containing 
the copper, and the whole kept in position by circular wedges, 
screwed up from the rear by means of a screwed plug con- 
taining the firing arrangements. The striker passes through 
the screwed plug, wedges, piston and copper, and so is free to 
move forward on to the cap; on firing, the oiled case is forced 
back on to the piston, thus compressing the copper which is 
then taken out and measured. The pressure in tons/inch® is 
then read off the table, by referring to@the particular column 
to which the copper used belongs, as regards hardness or 
softness. 

Fig. 5 shows a pressure barrel assembled and dismantled. 


Fig. 5. 
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The actual area on Which the gas acts has been founded 
on a large number of experiments with cases provided with 
“Morse” bases which were movable and had a definite area, 
but this system would not allow of ordinary service ammuni- 
tion being used for proof and pressure work, and it was there- 
fore superseded by the “oiled” case system, and the tables 
were drawn up for the latter to be in accord with the former. 

Most Continental nations use radial pressure gauges screwed 
into the barrel just in front of the base of the cartridge, but 
the results obtained are not very reliable owing to very small 
coppers having to be used and also because local high pressure 
and dynamical action are more likely to be registered. As a 
general rule, this system gives considerably lower pressures 
than are obtained by the “oiled” case system, and, further, 
it is necessary to have a small hole in the side of the case 
which is not always easy to place in exact coincidence with 
the screwed hole in the gun into which the gauge is screwed ; 
it also necessitates special cases, thus precluding the possibility 
of using ordinary service ammunition, which is a distinct 
advantage of the ‘ oiled” case system. 

To take velocities of projectiles, the apparatus used is called 
a chronograph, which is an instrument for measuring time. 

Knowing the time taken by the bullet to pass over a 
certain measured distance, it is a simple matter to calculate the 
mean velocity at the middle point of the measured distance, in 
fact this is done automatically by suitably graduated chronograph 
measuring rods. x 

There are many types of chronographs in use; that used in 
the British service is the Boulengé, modified by Captain Bréger 
and Colonel Holden, R.A. It consists of two electro-magnets 
supported on a vertical stem; when magnetised by the current 
they are each capable of sustaining a brass rod tipped with 
iron. The longest of these rods is called the chronometer rod 
and the other the registrar. The registrar falls upon a trigger 
plate which releases a spring to which is attached a knife blade. 
The spring causes the knife blade to fly forward and make a 
nick in the chronometer rod as the latter is falling. A piece 
of tinfoil or fine copper wire, forming part of the electric circuit 
of the electro-magnet sustaining the chronometer rod, is stretched 
across the muzzle of the rifle. Ata distance of 180 feet from 
the muzzle is placed a screen, consisting of a large vertical 
frame placed at right angles to the line of fire. Across the 
opening in the frame a fine copper wire passes backwards and 
forwards round insulated pegs on each side, so that a bullet 
passing through the frame must cut the wire. This wire forms 
part of the circuit of the electro-magnet sustaining the registrar 
rod. The circuits of the two electro-magnets can be broken 
simultaneously by means of an instrument called a “‘disjunctor,” 
which forms part of the chronograph. The electro-magnets 
then release the two rods simultaneously, and the knife makes 
a mark on the chronometer rod called the disjunctor reading. 
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When the velocity of a bullet is being taken, the bullet on 
issuing from the muzzle severs the wire stretched across if, and 
the chronometer rods begin to fall, and when the bullet passes 
through the screen it cuts the wire stretched across it, and the 
registrar rod then begins to fall. The nick made by the knife 
blade will be some distance from the nick made when the two 
rods were released simultaneously. By measuring this distance 
with a suitably graduated vernier scale, the average velocity 
with which the bullet traversed the 180 feet between the 
muzzle and the screen can be read off. This average velocity 
is approximately the actual velocity at half the distance, viz., 
at 90 feet. The method of working out the muzzle velocity is 
explained in Chapter V. For a full description of the instru- 
ment and for the method of using and adjusting it, see the 
“Text Book of Gunnery.” 
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CHAPTER III. 


Movements oF tHE Ririe on F trina. 


The movements of the rifle on firing may be considered under 
four headings :— 

1. The recoil or backward motion of the rifle. 

2. The upward movement of the muzzle, or rotation of the 
rifle about its centre of gravity. 

3. The vibrations of the rifle. 

4, The twisting movement of the rifle about its axis. 

The recoil is produced by the expansion of the gas generated 
by the explosion of the charge, forcing the bullet in one diree- 
tion and the rifle in the other. The time during which the 
recoil is attaining its maximum velocity may be divided into 
two periods :— 

1. From the first movement of the bullet until its exit from 
the muzzle. 

2. From the exit of the bullet from the muzzlq until the 
pressure of the gas in the bore has fallen to atmospheric 
pressure. 

In the Text Book of Gunnery, Part I, 1907, page 146 et seqq., it 
is shown, from a consideration of the equations of mokion, that 
the recoil velocity u is connected with the velocity v of the 
bullet at any time while the bullet is in the bore of the rifle by 
the equation 

(W +40) u= (wtdw)v oes... (1). 
Where W = weight of recoiling parts, 

w = weight of bullet, 
w = weight of charge, 
all in pounds. 

And this equation will give us the recoil velocity at the 
muzzle when the velocity of the bullet is V f.s., the muzzle 
velocity. ' 

But after the bullet has left the muzzle the gases escape 
with some unknown high velocity and mingle with the 
surrounding air, imparting to it a considerable momentum 
(this is frequently referred to as the “blast” of the powder 
gases). Meanwhile the pressure on the base of the bore must 
last an appreciable time longer, so that the rifle receives an 
additional recoil after the bullet has left the muzzle, and this 
recoil is greater as the weight of the charge and the powder 
pressure up to the muzzle is greater. 

To allow for this in practice in determi ing the maximum 
velocity of recoil, V, the following empirical formula is 
employed : 

WU = (wt Cr)V .escccccecee (2), 


where © is a constant depending on the nature of the pro- 
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pellant, and is determined by experiment. For cordite (1 = 2 
approximately. : 
Thus with the short Lee-Enfield rifle we have 


} 215 31 
= 81 A = 2 Ip, ea EST oy 
W 8:15 Ib. (without bayonet), W 7000 lb., w 7000 
V = 2060 f.s., whence, from (2), 


815 x V = (215 + 2 x 31) x 2060 
U = 10 fs, 


nearly, the maximum recoil velocity. 


The corresponding energy of recoil E, will be given in 
ft.-Ibs. by 


B=ywe A hth IN aE 6 
= 4 ea8'15 x (10)? 
= 4 xa815 x (10) 


32 

A = 12°75 ft.-lbs. 

The physiological sensation produced by the recoil is generally 
termed the “kick.” It is probable that the kick is intensified 
by the rapidity of the first rise in the velocity, which with the 
Lee-Metford rifle is attained in about ‘0006 seconds. The 
shorter the time in which this first maximum is reached, and 
the greater the velocity, the more violent the kick; from 
this it follows that the kick, though, no doubt, depending 
chiefly on the energy of recoil, cannot be said to be strictly 
proportional to the latter alone in various arms and with 
different powders, 

The kick of a rifle is an important point to consider, for if 
it is severe it causes a great waste of time and ammunition 
in training the soldier to become accustomed to it, and to 
fire the rifle without any involuntary movement of the body. 
Even experienced shots, after their shoulders have been bruised 
by firing a number of rounds from a rifle that kicks severely, 
are liable to fire unsteadily. The improvement in musketry 
since the introduction of the magazine rifle is partly due to 
the great diminution in the kick, for the kick of the Martini- 
Henry rifle was more severe than that of any of the military rifles 
of its day. 

The kick is reduced by pressing the rifle firmly against the 
shoulder, and by letting the latter come back freely when the rifle 
recoils, for then part of the weight of the firer’s body is added 
to the rifle; therefore, the velocity of recoil of the latter ig 
reduced, and the kick partakes more of the nature of a push. 
If the rifle is held very loosely, or is fired when snap shooting, 
before it touches the shoulder the kick becomes a blow, which 
is more damaging to the firer’s shoulder than the kick from 
the rifle when it is properly held. 

A sportsman feels the kick of his Weapon much more whem 
firing at the target than when firing at game, for in the latter 
case. his attention is fixed on his quarry, and he performs the 
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required movements automatically without bracing his body to 
resist the recoil. 

The energy of recoil given above for the Lee-Enfield rifle 
(12°75 foot lbs.) is well below the maximum energy of recoil 
advisable for a military rifle which should not exceed | 
15 foot Ibs. 

The recoil of a 12 bore shot gun is double this amount, and | 
although not excessive in the field, is very apparent when firing 
ata target. The following table, giving the particulars of the 
recoil of a 12 bore gun, are taken from an article by Captain 
Journée in the “ Mémorial des poudres et salpétres,” Volume III. 
The gun was suspended by long strings, and the velocity of recoil 
was ascertained by attaching to the gun a tuning fork, the 
vibrations of whose arm traced a wavy line (similar to those» 
in Figs. 1 to 7, Plate IV) on a plate placed parallel to 
the direction in which the weapon recoiled. As the time 
occupied by each vibration of the tuning fork is constant, 
and is known beforehand, the velocity of recoil at any point 
can be calculated by dividing the distance between the vibra- | 
tions at that point by the time occupied by a vibration :— 


Recor of a 12 bore Shot Gun. 


aU EEE EEEEEEEEEE nn 


Weight. 
"i ‘a Z E asthe Velocity | Energy 
| | : of | of 

Of the | Ofthe | Ofthe | Ot ae of the recoil. recoil. 

ae shat Raa smokeless} shot. 

gun. | ig | "| powder, | 
Ib. oz. | 0% «|. gre. |e psed ical aeaas fis. | ft-lb. 
Ys A eG | 41°66 | 49°4 | 1181 16°8 | 81°4 

| | 


Bxamining expression (3) we see that the energy of recoil 
varies as the weight of the recoiling parts, but also as the 
square of the maximum recoil velocity. 

But in equation (2) the greater the value of W the less the 
value of V. ; 

Hence for the same muzzle velocity, the heavier rifle will 
have less recoil energy. For example, the weight of Lee-Hnfield 
short rifle with bayonet is given as 9:19 1b. as against 8°15 |b, 
without. This reduces U to 88 f.s., and the recoil energy to 
about 11°3 foot lbs. 

In recoil operated automatic arms although the energy of 
recoil may be considerably heavier than that of a similar non- 
automatic weapon; yet the kick experienced will be less severe 
as it will partake more of the nature of a push, for instead of 
the recoil being communicated at once to the firer, the energy 
of recoil is employed in compressing springs, which give out 
the energy again when returning the barrel and breech bolt to 
the firing position. 
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Reproduction of Untouched Photograph of the Tr: ck of Recoil of a Lee 
Metford Kifle, fired with Mk. {1 Cordite Ammunition by a good Shot, 
kneeling. Each dash or space in the track represents an interval of 

second, 


= 
500 
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Reproduction of Untouched Photograph of the Track of Recoil of a Lee- 
Metford Rifle, suspended by long wires; fired with Mk. II Cordite 
Ammunition. Each dash or space in the track represents an interval of 


1 see 
sh second. 
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So far the backward motion or the recoil of the rifle only has (2) Upward 


been dealt with, we will now turn to the upward motion of the movement of 
muzzle. the muzzle, 


hd Fig. 6. 


In Fig. 6 it will be seen that CG the centre of gravity of 
the rifle, and S the point where the backward motion of recoil 
is resisted by the firer’s shoulder, are both below AB the line 
along which the gas tends to force back the barrel. The effect 
of this force acting along AB is to drive the rifle back and to 
make it revolve, so that the muzzle ascends in the direction D. 
If CG and S were situated on the line AB the rifle would have 
no tendency to revolve as it recoiled. 

Plates II and III weve taken by Major C. F. Close, R.E., 
in the following manner. Round silver studs or silvered 
glass bulbs were attached to the rifle, and a fenestrated card- 
board disc was rotated at a known speed in front of a small are 
light, so that the light was cut off from the bulbs at known 
intervals of time. The disc used had 60 equal sectors, 30 open 
and 30 closed. It was rotated by a small motor worked by four 
Grove cells, and completed 1,000 revolutions in times varying 
from 110 to 125 seconds. The disc thus gave exposures of about 
soo Of a second. The luminous image of the are light reflected 
from the bulbs, was then photographed, the photographic plate 
being arranged parallel to the axis of the rifle. Tt will be seen 
that the luminousimage, reflected from the bulbs, is photographed 
as a series of bright dashes. Each dash represents the path of 
the image for 53, of a second while each dark interval also 
represents =, of a second, while the light is cut off by the 
cardboard disc. f 

The rifle was fired in the following manner. The trigger 
was held back by springs fixed to the butt, and was then pulled 
forward by a string tightly secured to the lower band Swivel ; 
this string was burnt and the rifle was thus fired without 
affecting the true velocity of recoil. 

In Plate II the rifle is fired from the shoulder by a good 
shot kneeling; for the first half-inch the track is but slightly 
upwards, until the clothes and flesh of the firer are compressed, 
and the backward motion is largely checked by the weight of 
the firer’s body. The rifle then rotates upwards, about a point 
on the firer’s shoulder as a centre, until checked by gravity and 
the firer’s arms, when it descends again. As the velocity is 
checked the dashes become closer and closer until they form a 
continuous line. The bullet leaves the muzzle after the rifle 


(4148) 0 2 


Digitised by the Vickers MG Collection & Research Association 


(3) Vibra- 
tions of the 
barrel. 


212 


has recoiled about ;!; of an inch, which is considerably before 
the upward motion of the muzzle has become pronounced, but the 
upward motion of the barrel begins as soon as the powder gas 
begins to make the barrel recoil. 

In donble-barrel rifles thereis alateral rotation of the rifle about 
the centre of gravity aswell as an upward movement of the muzzle. 
When the right barrel is fired, the muzzle rotates to the right 
as well as upwards, and it is to compensate for this movement 
that the barrels of double-barrelled rifles or guns are. joined 
together, so that they converge towards the muzzle. 

In Plate III a downward bend in the track of recoil of the 
front bulb marks the instant at which the bullet leaves the 
muzzle. The tracks of recoil of the three bulbs are wavy; 
these represent the major vibrations of the barrel. In this 
plate and others of a similar nature, the deviations from the 
mean of the front track are greatest, and the deviations of the 
track of each bulb grows smaller in succession as the bulbs are 
situated further to the rear and apparently cease about 10 or 
12 inches from the muzzle. 

When a rifle is fired, the explosion of the charge causes a 
pressure often amounting to 16 tons or more per square inch 
acting along the line A B, Fig. 6, above the centre of gravity 
of the rifle ; this tends to suddenly force the body and barrel to 
the rear. These components form an unsymmetrical mass 
attached to the stock, and are caused to vibrate by the shock to 
which they are subjected. These vibrations are both in the 
vertical and horizontal plane, so that the resulting motion of 
the muzzle is in the form of an ellipse, of which generally 
speaking the longer axis is approximately vertical. 

The vibrations of the barrel are also partly due to the 
friction between the bullet and the barrel. This is known 
from the fact that, although the velocity of the bullet does not 
differ when fired from a dry barrel, and when fired from one 
which is slightly oily, yet with the Lee-Hntield rifle the mean 
point of impact is decidedly higher with the oily barrel. 

The vibrations of rifle barrels have been studied by means of 
instantaneous photography, by Professors C. Cranz and 
K. R. Koch, and the Figures in Plate IV, and information 
concerning them, have been taken from their work entitled 
‘Untersuchungen uber die Vibration des Gewehrlaufs,” which 
work was published by the Krieg Bayerischen Akademie der 
Wissenschaften, who have courteously granted permission to 
reproduce them. 

The vibrations were measured as foliows :— 

A piece of wire, W, Fig. 7, is attached to the barrel of the 
rifle at the point at which the vibration is to be measured, so 
that the horizontal portion of the wire crossed a brightly lighted _ 
slit, S. The magnified image of this slit is thrown on a photo- 
graphic plate which is in rapid motion from side to side at the 
instant of firing. Now, if the barrel and wire remain steady, 
the latter will be represented on the photographic plate by a 
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Hic. 1.—Curve of vibrationtof a point 3 inch from the muzzle of German Mauser, 1871 pattern. 


Fie. 2,—Ditto. Half charge. 


4 a 


Y ¥ 
Fie. 4.—Curve of vibration of a point close to the muzzle of the German, 1898 pattern rifle. The rifle was clamped in 
cork. Spark +’ when the builet arrived at 43 metres from the muzzle. 
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Pirate V.—Part IT. 


Observed velocity f/s. 2860 


Point of Impact at 100 ft. 2° ins. 


BARREL VIBRATIONS WITH °303 SHORT RIFLE, MARK J. 


B 


Co 


2597 
3:45 ins. 


” 


The white vertical line marked ‘‘e” indicates the point of exit of the bullet in each case. 
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2609 


4-3 ins. low. 
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horizontal black line, but if the vibration of the barrel causes 
the wire to move up and down, then instead of a straight black 
line we shall get an undulating black line, as shown in the 
lower half of the figures in Plate IV. 

To measure the time occupied by these vibrations of the 
barrel a second wire, attached to a tuning fork, T, which makes 
a complete vibration every ‘0023 second, is placed in front of 
the illuminated slit. The regular up-and-down motion of this 
wire produces the black zig-zag line shown in the upper half 
of the figures. 

To mark the exact point at which the bullet leaves the 
muzzle, it is made to cut an electric wire as soon as its base 
is clear of the muzzle, thus causing an electric spark, which 
appears as a bright dot marked y in the figures. The vertical 
line a in some of the figures marks the beginning‘of the impact: 
of the striker, and £ the instant of the explosion of the charge, 
the small vibrations between a and f are therefore caused by 
the impact of the striker. 

The general results established are as follows :— 

1. The rifle barrel is subject to two sets of vibrations in the 
vertical and horizontal plane, viz., a fundamental note caused 
by the vibration of the whole length of the barrel, and an over- 
tone, or octave note, caused by the division of the barrel into 
vibrating sections, with nodes between them, where the barrel 
is still. In Fig. 4 the line y' cuts the top of the first funda- 
mental vibration, while the bottom of it is just out of the 
plate. The smaller vibrations in the curve are the overtone 
vibrations. 
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2. As affecting the shooting, the overtone vibrations are the 
more important, because the fundamental vibration has hardly 
begun before the bullet has left the muzzle. 

3. In the German 1871 Mauser rifle, -433 bore, the bullet 
leaves the barrel during the first upward overtone vibration 

' when the muzzle is bent upwards, the effect being to make the 
rifle shoot high (see Fig.1). With a half charge the bullet 
does not leave the barrel till three-quarters of the first overtone 
vibration is accomplished, when the muzzle is bent downwards, 
the effect being to make the rifle shoot low (see Fig. 2). 
With a quarter charge the bullet does not leave the muzzle till 
after one and a quarter overtone vibrations, when the muzzle is 
again bent upwards, the effect being to make the rifle shoot 
high (see Fig. 3). 

These three experimental results are completely in accordance 
with the actual shooting of the rifle. 

4, It has been found by experiment that whether the rifle 
be held firmly in a fixed rest, or laid on supports so as to 
imitate as far as possible the manner in which it is held by a 
skilled rifleman, the vibrations of the barrel on firing do not 
differ in nature or direction, though they may differ in extent. 

5. It will be noticed in Figs. 1, 2, 3, representing the vibra- 
tions due to firing full, half, and quarter charges from the 1871 
pattern Mauser, that the smaller the charge, and consequently 
the less the velocity of the bullet, the greater is the number of 
vibrations the barrel has made before the bullet issues from the 
muzzle. Also in Figs. 4 and 5 of the German Mauser, pattern 
1898, and the Spanish Mauser, with mnzzle velocities of 
2,034 f.s, and 2,288 f.s. respectively, the bullets leave the muzzle 
while the vibrations are still very small. It may be assumed, 
therefore, that the improved accuracy of modern small bore 
rifles is partly due to their high initial velocity, which enables 
the bullet to leave the barrel before the vibrations have caused 
much disturbance of the muzzle. 

The Lee-Hnfield rifle barrel vibrates in such a manner as to 
reduce the differences in height between the points of mean 
impact of ammunition with different velocities. For example, a 
Lee-Enfieldrifle fired with ammunition giving 2,235 f.s. velocity, 
shoots 12 inches lower at 200 yards than with ammunition 
giving 2,000 f.s. velocity. At 390 yards range the points of 
impact. with both classes of ammunition are at the same 
height. At 1,000 yards the 2,235 f.s. ammunition shoots 7 feet 
higher than the other. We see, therefore, that the bullets 
of the high velocity ammunition leave the barrel when the 
muzzle is at a much lower point in its curve of vibration, and 
therefore shoot low at 200 yards, but their trajectory being 
flatter than that of the 2,000 f.s. ammunition, it crosses the 
trajectory of the latter at 290 yards range, and keeps above it 
at all other ranges. 

In designing a new rifle endeavour should be made to so 
arrange the length of the barrel, the strength and weight of 
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the parts, and the method by which the recoil of the barrel and 
body is communicated to the stock, so that the barrel is in the 
middle of an upward vibration when a bullet with normal 
velocity leaves the muzzle; for then a bullet with highor 
velocity will leave the muzzle when it is pointing lower; and 
a similar compensation to that which occurs in the Lee-lnfield 
rifle will take place. 

The 2,285 f.s. ammunition would have shot 4 inches higher 
than the 2,000 f.s. ammunition at 200 yards had the jump of 
the rifle been the same with both classes of ammunition. The 
lower jump, therefore, caused the 2,235 f.s. ammunition to 
shoot 1 foot 4 inches lower than it should have at 200 yards. 
At 1,000 yards the effect of the negative jump is 1 foot 4 inches 
x 5=6 feet 8 inches. This, added to the 7 feet, which is 
the height of impact of the 2,235 f.s. ammunition above that of 
the 2,000 f.s. ammunition at 1,000 yards, gives 13 feet 8 inches 
as the total difference in the heights of the points of mean 
impact which would have occurred had the vibration of the 
barrel and the angles of departure been the same with the two 
classes of ammunition. Hence we see that the vibrations of 
the barrel completely compensated for a difference of 235 f.s. 
in the velocity of the two lots of ammunition at 390 yards range, 
and at 1,000 yards reduced the difference between the heights 
of the points of mean impact from 13 feet 8 inches to 7 feet. 

Plate V, A, B, and C, shows the result of recent experiments 
at Hnfield with the ‘303 short rifle, Mark I, and a similar 
apparatus to that described above. 

These photographs show that the higher velocity bullet 
leaves the muzzle at an earlier point on the vibration curve, 
and that if the point of exit is lower on the curve, the point of 
impact is lower although the velocity may be higher. 

Figs. 6 and 7, Plate [V, represent the horizontal vibrations of 
the barrel; these were measured in the same manner as before, 
the apparatus being erected vertically instead of horizontally. 

The body of the rifle, being cut away on the right side to 
enable the cartridge to be ejected, is unsymmetrical, and weaker 
on the right side than on the left; this gives rise to lateral 
vibrations, which cause the rifle to shoot to the right or left. 
Also, the bolt handle projecting to the right is unsymmetrical, 
and causes lateral vibrations. Cutting off the bolt handle ot 
the Lee-Enfield rifle makes the rifle shoot ‘46 inch to the right 
at 100 feet. This is the result one would anticipate, for 
cutting off the bolt lever throws the centre of gravity of the 
rifle more to the left, and the further it is to the left the 
greater the tendency of the rifle to revolve round the centre of 
gravity, with the muzzle travelling to the right. 

In Messrs. Cranz’s and Kock’s experiments it was found that. 
a Mauser rifle with a right-hand body and bolt, shot to the 
right and vice versd. The ordinary right-hand Lee-Enfield rifle 
however, shoots to the left, necessitating the foresight being 
placed ‘02 inches to the left to correct the shooting. 
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‘When Morris tube cartridges, or the small cartridges used 
with Molyneux adapters, are fired from a Lee-Enfield rifle, they 
cause but trifling vibrations, and do not need this lateral dis- 
placement of the foresight, therefore these cartridges shoot to 
the right, 

Black powder ‘303 cartridges having a velocity of 1,850 f£.s., 
produce different lateral vibrations from cordite cartridges, 
when fired in the magazine Lee-Enfield rifle, the body and bolt 
of which is unsymmetrical. At 100 feet range the black powder 
shoots 12 inches to the right of cordite ; but in the symmetrical 
Martini-Enfield rifle the shooting of these two powders does not 
differ in direction. 

Any unevenness in the bearing between the lugs on the bolt, 
and their seatings in the body, influence the lateral vibrations. 
In the Lee-Enfield rifle, if the left lug takes the greatest strain 
on firing, the rifle shoots to the right and vice versd. It is 
important therefore that rifles should be used with their own 
bolts, the lugs of which have been made to take an even bearing 
by the proof charge. 

On firing a rifle with the bayonet fixed, the weight of the 
latter impedes the vibrations. 

In Fig. 6 without the bayonet, the bullet leaves the muzzle, 
when the latter has vibrated nearly twice as much as it has in 
Vig. 7 with the bayonet fixed. ‘The Lee-Hnfield rifle with 
bayonet fixed, shoots to the right, as the full allowauce given 
by placing the foresight ‘02 left is not required, on account of 
the vibrations having been checked. 

Fixing bayonets also affects the vertical vibrations, and 
usually makes a rifle shoot low. 

From what has been said with regard to the movements of 
the rifle, it will be seen that “jump” is the combined result of 
the upward rotation of the rifle about its centre of gravity and 
the vibrations of the muzzle of the barrel. 

The method of practically determining the jump is illustrated 
by an example in Chapter V, page 239. 

There remains the twisting movement of the rifle about its 
axis to be mentioned. h 

This movement does not appear to be of much importance ; 
still, there is no doubt a slight rotation of the riflein an opposite 
direction to the projectile; for as the bullet passes down the 
bore and is forced to rotate by the rifling, the bullet endeavours 
to rotate the rifle by pressing against the driving edges of the 
rifling. Its want of success is due to the fact that it is only 
zoo the weight of the rifle, and has a smaller radius of gyration. 
The vibrations of the barrel are probably affected to a small 
extent, by this reaction between the bullet and the rifling. 
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CHAPTER IV. 


Extprtor Banustics—Tue Resistance or THE AIR, 


We now come to the consideration of the motion of the 
bullet after it has left the bore of the rifle with a certain 
muzzle velocity.* 

The forces acting on the bullet are then the resistance of the 
air and gravity. 

It is found as the result of experiment, that there is no 
simple general law connecting the resistance of the air to a 
projectile with the velocity at which it is moving, although at 
low velocities (say below 800 f/s) and at very high velocities 
(above 3,000 f/s) the resistance varies approximately as the 
square of the velocity. 

The method generally adopted is to deduce from experiments 
the resistance of the air to a standard projectile at various 
velocities. 

Then, as the resistance is found to be proportional to the 
cross section of the projectile, and consequently to the square 
of its diameter, if the standard projectile be 1 inch in diameter, 
and the resistance to it at velocity v f/s be p lbs., the resistance 
R to @ similar projectile d inches in diameter at velocity v f/s 
will be given by 

R = d’p lbs. 

Plate VI shows the corresponding values of p and v plotted 
in the form of a curve, for a standard projectile with a cylin- 
drical body 1 inch diameter and with an ogival head struck with 
a radius of two calibres, for velocities from 100 f/s to 4,000 f/s. 

This curve represents the results of experiments carried out 
under the superintendence of the Ordnance Committee (now 
the Ordnance Board) during the years 1902-6, with the object 
of revising the Bashforth Ballistic Tables and extending them 
to higher velocities. ; 

The tables given at the end of this book are all based on this 
pv curve. 

The construction for an ogival head struck with a radius of 
two calibres is shown in Fig. 8. 

Let ABDE be a longitudinal section through the centre of 
the cylindrical body of a projectile d inches in diameter. 

Produce AB both ways and make 


AB' = A'B = AB = d. 


* The blast of the gases of the charge causes the velocity of the bullet 
to increase slightly after it has actually left the muzzle, but for our purposes 
this effect may be neglected in ballistic calculations, as the muzzle velocities 
dealt with are, as a rule, calculated back from observed velocities at some 
distance from the muzzle, and so are, in a sense, nominal. 
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With centres A’, B! and radii A'A = B'B = 2d, describe 
arcs cutting at C. 

The head ACB of the projectile is then said to be an ogivo 
struck with a radius of two calibres. 

Variations in the shape of head will affect the resistance of 
the air, and to allow for this a coefficient «, called the coefficient 
of shape, is introduced so that 

R= xd’p. 

The larger the radius of the ogive the less will the value of « 
be. For the standard projectile on which our Ballistic Tables 
are based, we have « = 1, and an approximate value of « for 
other ogival heads is given by the formula 


n=? /B=! 


where is the radius of the ogive in calibres. 

Fig. A, Plate VII is drawn from a photograph of a service 
803 bullet in flight, taken by Mr. C. V. Boys; the air waves 
diverging from the head and base, and the trail of eddies in the 
wake of the bullet are very clearly shown, and resemble closely 
the waves set up on the surface of water by a swift steamer. 

B is from a similar photograph of a pointed bullet. The 
front wave is seen to be more acute and closer to the point than 
in A. ‘The wad will be noticed following the bullet. 

Behind the bullet in flight, a partial vacuum and a trail of 
air eddies are formed. The vacuum retards the bullet, as the 
base is deprived of the support of the ordinary atmospheric 
pressure of 15 lbs. per square inch. To prevent this vacuum 
forming, and to enable the compressed air at the front of the 
bullet to flow away easily, Messrs. Krnka and Hebler produced 
a torpedo-shaped bullet with a cylindrical hole down the 
centre, the rear end fitted into a sabot of papier maiché. A 
very high velocity was claimed for this bullet on account of 
the diminished air resistance, but it has not proved a practical 
success on account of its inaccuracy. 

Variations in the steadiness of the projectile due to differences 
in centreing affect the resistance of the air. To allow for this 
a coefficient o, called the coefficient of shape, is introduced, so that 

R = xod’p. 

The resistance of the air is also proportional to its density. 

The density depends on the barometric pressure, the 
temperature, and the amount of moisture the air contains. 

The lower the barometer, the higher the temperature, and 
the more inoisture in suspension, the less will be the density of 
the air, and consequently, the less the air resistance. 

Our values of p are calculated for a certain standard density 
of the air*® representing approximately normal atmospheric 
conditions. 


* 534-22 grains per cubic foot, being the weight of a cubic foot of air at 
30-inch pressure, 60° F., and } saturated with moisture. 
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To allow for variations from the standard occurring in actual 
practice we introduce a coefficient 7, the coefficient of tenuity, 
defined by 
pre a 
A 53422’ 


where 6 = density of air at time under consideration, 
A = standard density of air, 
w = weight of a cubic foot of air at the time under 
consideration. 
Introducing the coefficient 7 we have as our complete 
expression for the resistance of the air 


R = xord*p. 


The values of 7 for pressures of 26 to 31 inches, and 
temperatures of 0 to 100° F., for a standard degree of humidity 
( saturated) are given in Table G. 

The value of 7 is also approximately given by 

Bf 1,000 
pO (i000 + 2(T—6v)/’ 
where B = reading of barometer, 
T = reading of thermometer. 

The density of the air and consequently the value of 7 
decreases as the height above sea-level increases. 

The barometer falls approximately 1 inch for every 1,000 feet 
rise, while the temperature falls at the rate of about 1° F. for. 
every 300 feet, so that s= 1 at sea-level becomes about 
+ = 0919 at 3,000 feet altitude (see Table G). 

As a guide to the effect of altitude on shooting, we may take 
the approximation that 1 per cent. decrease or increase in 7 will 
cause a bullet to range about 1 per cent. more or less, and this 
will require to be corrected by about 1 per cent. decrease or 
increase of elevation. Thus a rifle sighted for sea-level might 
be expected to shoot about 110 yards over at 1,000 yards range 
at an altitude of 4,000 feet. i 

For convenience we may write 


n= KOT, 
so that 

R = nd’p, 
and x is called the coefficient of reduction. 

The coefficients «, « are, as a rule, very hard to separate and 
are usually determined together experimentally. 

Under normal atmospheric conditions (7 = 1), \we then have 

n = xo, 
and this value is frequently referred to as the coefficient of 
reduction of the bullet. 

Thus, with our tables, the coefficient of reduction for the 
303, Mark VI, bullet is about 0°76, while that of the sharper 
ee German §/05 bullet is about 0°56, and the French D/05, 
053. & 
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Gravity, or “ Terrestrial Gravitation,” is the force attracting 
every body in a straight line towards the centre of the earth 
The acceleration due to gravity has been referred to on p. 196 
as a familiar illustration of a constant acceleration. 

This acceleration is always denoted by g, and is approximately 
32 f/s per second,* 

The relation between h, the height fallen in feet from rest, 
and the time, ¢ seconds, is given in vacuo by the well-known 
equation 


mae: 
/ Mie | ae aeRO N RE os 8G Say, By 
b= 59 (1) 


A bullet being a small heavy body does not experience much 
resistance when falling through the air for a short time, so that 
for practical purposes equation (1) may be taken to give the 
height fallen in air. 

Thus in 1 second a body falls 16 feet, in two seconds 64 feet 
and so on. 

If we now consider the forces acting on the bullet we have 
(Fig. 9) the resistance of the air R acting in a contrary 
direction to the direction of motion, and w the weight of the 
bullet acting vertically downwards we see that the resultant 
force must always tend to lower the bullet and so make it 
describe a trajectory concave to the horizontal line drawn 
through the origin of this trajectory. 


* The value of g varies slightly with the latitude, it is smaller at the 
equator, which is further from the centre of the earth, than it is in the 
Arctic region. In the latitude of London g = 32:2 approximately. 
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CHAPTER V. 


Batiistic Tass. 


In Chapter IV we took as our expression for the resistance 

of the air 

R = nd’p lbs., 
where n is the coefficient of reduction of the projectile, and 
d its diameter in inches, while p is defined on p. 217. 

On the basis of the values of p shown by the curve in 
Plate VI, certain functions of the velocity connected with the 
time of flight, range, and inclination of the projectile are 
calculated and incorporated in the form of Ballistic Tables, by 
means of which we can conveniently solve a number of 
problems in exterior ballistics. 


Bauuistic Taste H. 


Suppose the projectile is flying horizontally, the effect of 
gravity being left out of account; the motion is retarded 
continually by the resistance of the air; and if Av denotes the 
loss of velocity, in f/s, in a short interval of time of At seconds, 
then the average retardation 7 is given in f/s per second by 

Av 
n= 
At 

But by Newton’s Second Law of Motion, if the shot weighs 
w lbs., and the resistance of the air is R lbs. then 
rR wR 


Putting— 

R = nd’p, 
where p refers to the average value in the interval of time Af, 
then 


eNO CBicedb | ‘ 
At tees a) 
or 
[sh 4 ae av 
nd’ pg 


The quantity _ is called the ballistic coefficient of the 
projectile, and denoted by the letter C, so that 


— eee 
~ nd?? 
and then 
At _ Av 
a og — a AES POC I 
Oe 
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Since p is the same for all projectiles, and g is a constant, 
then, if we take a constant drop in velocity (say, of 10 f/s, 


or Av = 10), 
Av 
Pg 
is a number which is the same for all projectiles; it is denoted 
by AT, and 
aT = 42, 
Pg 


and this is the time in seconds it takes the projectile, for which 
C = 1, to drop from velocity 


1] 1 
vot gh tov — poe f/s, 


if v denotes the mean velocity in the interval. 

The number AT is calculated numerically once for all, The 
sum of the values of AT is made, and entered into a column 
denoted by T;,, as in Table H, so that T, — Tis the time taken 
by the shot, whose ballistic coefficient C is unity, whilst its 
velocity falls from V to v f/s. 

If the value of C be not unity, then since 


AP eth Ths ow 


sete Ve oe DY citi icin 


For example, suppose it is required to find the time it would 
take the velocity of a projectile, for which C = 1, to fall from 
2,000 f/s to 1,000 f/s. 

Looking out the values of Tin Table H corresponding to 
2,000 f/s and 1,000 f/s we have 


Tooog == 110°272 
T0090 == LO5-560 
= : t 

Te000 — Tio = 4712 ~ &” 
and as Oo mmetl Ip 
t = 4°712 seconds. 
Now for a projectile whose ballistic coefficient is 5, 


“i = 4712 as before, 
but as C5 


t= 5 x 4°712 = 23°56 seconds. 
The ballistic coefficient 
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may be looked upon as representing the capability of a projectile 
for overcoming the resistance of the ait, and so maintaining its 
velocity. 


The value of d should correspond to the effective area of 
the cross section of the bullet exposed to the resistance of 
the air. 

For rifles the effective diameter is generally taken as the 
calibre + the depth of one groove so as to get an approximate 
mean value. 

Thus with ‘303 L.E. rifle 

calibre = 0°303 inches 
depth of groove = 0:0065 inches 


d@ = 0°31 inches nearly. 

This agrees with the measured diameter of fired bullets, 
and will be the value taken for d@ with this bullet in subsequent, 
work. 

A table of particulars of some modern military rifle bullets 
is given below. These data will be referred to in subsequent 
examples. 


PARTICULARS OF BULLETS. 


——-._— 
a) 
23a : Pe ha Muzzle 
® 5 
Bullet. | 3s a Weight | w/d?. n C. velocity, 
29 grs. 
73.8 t/s. 
| 
*303 Mk. VI fest COC BL 215 | 0°320 0:76 | 0°421 | 2,060 
French D/05__....). 0°32 198 | 0:276| 0°58 | 0°521 | 2,380 
German 8/05 ...., 0°32 | 154 0°215 0°56 | 0:'384] 2,820 
U.S.A. Model/06 | 0:30 150 0°238 | 0°56 0°425 | 2,700 
Ross-Eley ba 0888 150 0°2738 | 0°51 | 0°535 | 2,900 
| | 


en ee 
Bauwisirc Tasnr K. 


The T,, Table gives us a relation between time and velocity, 
from this a relation between space and velocity can -further be 
deduced. 

Let As denote the number of feet traversed by the projectile 
in the short time At, then 


As = vAt, 


where v denotes the mean velocity in the interval of time At. 
But we have 


At = CAT. 

“. As = v (CAT), 
and putting As = CAS, 
we have AS = vAT. 


ois <I as : seis bie 
* Frequently termed the “sectional density of the bullet.” 
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Whence AS can be calculated by multiplying AT by the 
corresponding mean velocity in the intervals. 
Then, as before, the sum of the values of AS is entered in 
Table K in a column and denoted by S8,, and we have 
8 
ai By — Bye aes ee (2), 
where S denotes the space in feet traversed by a projectile 
whose ballistic coefficient is UC, while the velocity falls from 
V to v f/s. f 
Thus taking the projectile with C = 5, we found on p. 222, 
that it would take 23°56 seconds for its velocity to drop from 
2,000 £/s to 1,090 f/s, suppose it is now required to find how far 
it would have travelled while the velocity fell from 2,000 f/s to 
1,000 f/s. 
Looking out the values of §,in Table K, corresponding to 
2,000 f/s and 1,000 f/s, we have 


Soooy == 41435-7 


1000 35207°6 
5 Laie 12 
Sooo0 — Stoop = 6228:1 = a 
and with C=5, 


S = 31140°5 feet. 


Some typical examples of the use of the T, and 8, Tables will 
now be given. ‘’o avoid confusion at this point the summary 
of the symbols and formule employed, given on p. 242, may be 
consulted, 

In the actual working four-figure logarithms will be sufficiently 
accurate, and may frequently be replaced by the slide rule. 


Problem 1.—Knowing the muzzle velocity (V), and the 
ballistic co-efficient (C), to find the remaining velocity (v), and 
the time of flight (¢), at a range of X feet. 


We have S,= 8, — * 
whence we can find S, and v. 

Then t= 0 (Ty, — T,) 
will give us oe 


Example—Find the remaining velocity and time of flight at 
ranges of 500 and 1,000 yards of the ‘303, Mark VI, bullet, fired 
from the §.L.E. rifle. 


Here V = 2,060 f/s, 
(Oi 0:421 (vide p. 223), 
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The work may be arranged as follows :— 


Se 


R yards ate ase a 500 1,000 
CEG, Siamese ty Bete 3.4) 

Log. X dys ee fe 3°1761 

loeeeme Geek 1°6243 

Loe 3°5518 

CG 

: 3,563 7,126 

8, 41,663" 4 

S, 38,1004 34,537 °4 

v ft/s 1,281 961 
Te ee i hh BBS 

me HERES 8 haa la pepe gee 104-870 

! os 

Me aks oc 2°215 5-514 
C | 

Log. ” 0°3454 O° 7415 
ee 1°9697 03658 
¢ second rey n # 0°933 2°321 


LS SY 


Problem 2.—Knowing the ballistic coefficient (C) and the 
remaining velocity (v) at a range (X), to determine the muzzle 
velocity (V). 


We have Sai * +5,, 
whence we can find S,, and V. 


Example.—A rifle bullet whose ballistic coefficient is known 
to be about 0°55 is stated to have a striking velocity of 1,550 f/s. 
at a range of 600 yards. What muzzle velocity does this. 
imply P 

Here 


Working by slide rule 
S, = 39,535:8 


ll 


3,272 


42,808 
2,375 ft/s. 
(4148) a 


= 
0 

8 
2 


Ht Il 
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Problem 3.—Knowing tke observed velocities v; and v, of tt 
bullet at ranges X, and X,, to determine the ballistic coefliciont 
and the coefficient of reduction. | 


Here we havd pe a = So, _ Sin» 
: _% - %... 
a ig |S 
whence © can be found. 

Th = 

en | C od? 

; ewes 

or n= op 


whence n, and if the atmospheric conditions are known we can 
find 7, and «o, will be given by : 
i kc = ba 
T 

Example.—The observed velocities of a rifle bullet (w = 216 
grains, d = 0°31 inch) are 2,002 f/s at a distance of 90 feet 
from the muzzle and 1,181 f/s at. a range of 520 yards. Tho 
height of the barometer was 29-96 inches, and the temperature 
was 49° \F. at the time of the experiment. Find the ballistic 
coefficient and xc. 


Here Lei v, = 2,002 f/s,"” 
PMI To ee VOY fet 
X, = 90 feet, 
X, = 1,710 feet, 
X, — X; = 1,620 feet, 
Sv, = 41,443°3 
S,, = 37,406:9 
Sv, — Sx, = 4,036°4 
Log (Su — 8»,) = 3°6059 
Log (X, — X)) = 3:2095 
Log C = 1:6036 
iil Ope 0°4015 
From Table G fe 1:024 
w ‘ 
and a 0'320, 
w 0°320 


7. K 


° = Grd? O4015 X Tv24 


Bauustic Taste L. 


Ii ¢ be the angle with reference to the horizontal and V tho 
velocity with which a projectile is moving at some point, and 0 
the angle at some further point when the velocity has fallen to 


Ci 
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HOW TO FIND THE BALLISTIC COEFFICIENT “C.7?. 
Atm Vee BYE Newrrr, 74 17 /S~ 


7] “HE British ballistic tables are based upon the resistance of the 
air to a projectile one pound in weight, one ineh in diameter, 
and having an ogival head of two diameters: consequently the 

use of these tables for neerly every computation requires that “C” be 
known. 

When “C” is not known it can be ascertained in one of the follow 
ing ways: 

(a) by finding the range when muzzle velocity and angle 
of projection are known. 
(b) by finding the angle of projection when range and 
velocity are known. 
In both methods there are experimental errors to he considered and 
in trying to reconcile observed differences not only is experience | 
needed, but a sound knowledge of the structure of the tables. There 
is one certainty however, if the real angle is used with the real muzzle 
velocity for the real range, then the real remaining velocily is ob- 
tained by the use of the value of “C” found by sin 2 9 = aC, and any 
difference from that r/v found by experiment is due to experimental 
error, and vice versa if you begin with r/v and work back to the angle. 

The next thing to keep clearly in mind is the effect of 1 per cent 
error in finding “V” and “v,” as it can always be assumed that the | 
range has been correctly measured. It. is especially important to see | 
that the range is long enough to get an angle in which one minute 
error and 5 foot-seconds velocity are incapable of effecting the resuli 
by ten per cent in “C” or the like. 

Whoever is responsible for ascertaining “C” should be also re- 
sponsible for the other data “V” and “vy.” It is obvious that these 
cannot be taken from any unreliable source such as a catalog or 
newspaper as they include the answer sought for. 

Assume you are about to proceed by the (b) method, that is to 
say, to find the angle of projection when range and velocity are 
known, of a modern military rifle. 

The first step is to equip the rifle with a backsight having a spirit | 
level, vernier reading, and capable of fine adjustment. Such a back- 
sight as is commonly used in‘ long range match shooting, fixed to the 
butt plate so as to give a long sight radius, the shooting being done 
from the back position, is well adapted for the purpose. The rifle 
must first be zeroed, which is best done at such a short range as 
12 1-2 yards, the backsight being screwed down until the bullet strikes 
as much below the point aimed at as the foresight is above the axis 
of the barrel, plus the drop of the bullet at the distance, which at such | 
a distance is very small. 

The muzzle velocity of the ammunition must now be ascertained 
by means of the chronograph, the mean of that of ten shots being | 


: 
$ taken. The chronograph gives instrumental velocity to which must 


be added, by computation, the velocity lost by the bullet in its journey 
between the chronograph wires. As this computation is also based | 
on “C” it will be necessary to assume a “C” and make adjustments 
after the final “C’ has been ascertained. A similar remark applies 
to the trifle which has to be added for drop when zeroing the rifle. 
As the British tables are also based on a temperature of 60 de- | 
grees Fah. and 30 seconds Bar., it will save trouble and uncertainty 
if a day when these conditions prevail is selected for the shooting, and 
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v (figure 10), it is shown in the Text Book of Gunnery, Part IT, 
that ¢ and @ are connected by the equation 


Ge MS Ty dy lesen 
o 
where the function I, is deduced from AT. 

Let us now: consider a bullet projected from O (figure 11) 
with a muzzle velocity V at an angle ¢ to the horizontal so 
that it describes a trajectory OAT, A being the highest 
point of the trajectory, or vertex, when the bulletjis moving 
horizontally, and T being the point where the bullet strikes the 
horizontal plane O T again with striking velocity v and at an 
angle of descent f. ' 

In a flat trajectory, such as we are generally dealing with in 
rifle fire, the vertical component of the resistance of the air is 
insensible, so that we may assume that the time the bullet 
takes in going from O to A is the same as that which it 
takes in going from A to T, i.e. the vertex is at the point 
of half-time, ) 

Let % be the velocity at the vertex, and T the time of flight 
from O to T, then : 

pe O (Ty —T,) = 0 (1, — Ty), 
from which vp) can be found. 


Now at A, since the bullet is travelling horizontally, 9 = O 
and equation (3) reduces to 
tan 6 = C (Ty —Ta)iee see ceveee sees (4), 
whence ¢ can be found. Also at T, 0 = — £, and 
tan BP = C (Ty, —T,)... esse eceseeees (5), 
whence # can be found. ae 
(4) and (5) then give us a mans of finding the angles of 
projection and descent if the time of flight is known or ean be 
calculated, but a shorter and: more direct method will be 
described later. 


* 


Batuistic Taste M. 


Table M is used for determining the sant projection ¢, 
necessary for a given range of X fect or R yards with a muzzle 
velocity V and ballistic coefficient C. 

We have in direct fire, Siacci’s equation (see Text Book of 
Gunnery ). 


; , Lata 
sin 2g = 20 (Ty — fv —4e) Sersntinene(6) 
where v is the remaining velocity at the range determined by 
x 
C = 8, — 5, 
(4148) p22 
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and Ay is Siacci’s altitude function. Putting 
Ay—A 
Op ae 1a Ss) = 
ame lant: 


sin 24 = Ca. 


(6) becomes ~ 


The value of a then depends on e or E ana We 


Table M gives us the values of a in the form of a double 


entry table for muzzle velocities V f/s and “ reduced ranges,” 
G yards. Then for any range we look out a corresponding to 


the muzzle velocity and the reduced range, and multiplying 
this value of a by CO gives us the sine of twice the angle of 
projection. 

This will now be illustrated by examples. 


Problem 4.—Knowing the ballistic coefficient (C) and the 
* niuzzle velocity (V) to find the angle of projection (¢) necessary 
for a range of R yards. 


Look ont a in Table M for the given V and 


Then 
whence ¢ can be found. 


Example.—Find ¢ for the D/05 and S/05 bullets at a range 
of 1,000 yards. 
Taking data from page 223. 


a 
G 
sin 2¢ = Ca, 


D/05 S/05. 
V tis 2,380 2,820 
Cree 0-521 0:384. 
R yards 1,000 
Log R 3 3 
Log © T7168 15843 
Log # 3/2832 3:4157 
fo 1,920 2,604 
Ssnig' 06S Com = 07282 
Qn 05645 seni ‘06727 
100 yds. = 498 100 yds. = 504 
20 yds. = 99 4yds.= 20 
Oe Gs 0-05744 0:06747 
Lowa c 27592 28299 
Log sin 2¢ 2°4760 2°4135. 
ct Same 1° 43' 1° 29! 
¢ BIS 44-5 
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Problem 5.—Knowing the ballistic coefficient (C), the muzzle 
velocity (V), and the angle of projection (), to determine the 
range (R) we have 


_ sin 26 
es 
and this a will be found in Table M, in the column for muzzle 
velocity V, under a certain value of 4 
Then ve Z sa Or 


Example.—What will be the range of the D/05 and 8/05 
bullets with an angle of projection of 2°? 


A 


D/05. §/05. 
Vv 2,380 f/s 2,820 f/s 
C ae 0°521 0° 384 
on) ie 2° 2° 
Log sin 2 2°8436 2°8436 
log C... 1°7168 1°5843 
Loga ... aes 1: 1268 1°2593 
a as ae 0°1339 0°1817 
399 =  0°14112 Ay =  0°18634 
G39 = 0°18318 Ay = 0°17738 
100 yds. = 799 100 yds. = 896 
l0yds.= 80 48 yds. = 430 
- ; 3,110 4,148 
Log ae 3° 4928 36178 
Lloog BR... 3°2096 3° 2021 
R ig : 1,620 yds. 1,592 yds. 
i a 


Problem 6.—Knowing the ballistic coefficient (C) and the 
corresponding angle of projection (%) for a range (R) to 
determine the muzzle velocity (V). 

Here we know 


and also 


“We then find by inspection of Table M the corresponding V 


for these values of a and ron 
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Example.—aA rifle bullet for which C = 0°425 is found to 
require an angle of projection of 39' for a range of 1,000 yards. 
What is the muzzle velocity ? We have 


ice sin 20 fee sin ibe 18° a 0:05338, 


OC" 0-425 
and B= sss. 
Cc 
For this value of t we find that a lies between 
Aogry = 0:05368 
: i Cogg9 == 0:05325 
And taking proportional parts, 
V = 2,877 f/s. 
Problem 7.--Knowing the muzzle velocity (V), and the angle 
of projection (@) for a range (R yards), to find the ballistic 
coefficient (C) and the coefficient of reduction (m). 


We have . 
sin 24 Ca R 
Me ag o/ G" 
We therefore find by inspection of Table M with muzzle velocity 
V for what value of = 


| R _ sin 2¢ 
Perry Bee, 


This is the correct value of a, and C is found from 


C 
o=R/f, 
C 
1 =”. 
also n= 


Example.—A rifle bullet (w = 150 grains, d = 0°28 inch) 
with a muzzle velocity, of 2,900 f/s requires an angle of pro- 
jection of 33' for a range of 1,000 yards. 

Find C and n. 


sin 26 _ sin 1’ 6’ _ 9.ot199 
me yaad ihe 


Turning to Table M we find that with V = 2,900 f/s, 
z 1,900 2,000 


0:03633 0:03950 


a 
a/® 0°04191 0:04197. 
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Hence = 1,916 is about the correct value, 


<2 ABO 88 
C= soi = 0523, 


150 


and "= 0523 x 7,000 x (028)? 


052. 


Example.—It is found by subsequent experiment that owing 
to an error in the estimation of the jump the figures, in the 
last example, should have been ¢ = 35’ for 1,000 yards:: 


What difference will this make in the calculated value of C? 


Ps sin 26 _ 9.01204 
R 
Whiinten 5 = 2,100 


a= 004287 
a / R_ 0-04204 
C 


1,000 
pee ie see = ‘476, 
Om oo 0-476 


Problem 8.—Knowing the ballistic coefficient (C), the muzzle 
velocity (V), the angle of projection (#), and the range (R) to 
find the angle of descent ({). 


In the equation 
agen’ = 4, 


at the end of a range, R yards or X feet, where the«remaining 
velocity is v f/s, 


tan 6 = — tan f, 
so that 
tan B = C (ly — I,) — tan ¢, 


and v can be found from 


alk 
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Example.—Find the angle of descent at 1,000 yards of tho 
bullets in the Example in Problem 4, page 228. 


D/05. S/05 
Vv 2.380 2,820 4 
C 0°521 0-384 , 
R 1,000 1,000 d 
$ B15 4d 5! a 
Sy 42,825 °2 44,296 *7 
* 5,758°2 7,812°6 
SI 37,067 -0 36,4841 
0 1141 £/s 1,086 
Lewes: 0°98447 099155 
Deis 0+90873 0°893465 
en 0-07574 0-09810 
om, = 1) 0°03948 0-03765 
Tan ¢ 0°01512 0-01279 
Tan B Ae Ae 0-02436 0-02486 
Be oe 1° 24! 1° 26! 


AR SS RS HSA 


Calculation of the Angle of Descent from a Table of Elevations 
and Ranges. 


In Fig. 12 a rifle at G@ is fired with elevation ¢ so as to 
describe a trajectory, represented by the curved line, and hit a 
target T at a range of R yards. 

Suppose the elevation decreased by a small angle Ag, and 
draw GT! intersecting the trajectory in T!, and so that the 
angle TGT! = Ad. } 

Then, assuming the principle of the rigidity of the trajectory, 
if TIM be drawn perpendicular to GT, TM will represent the 
decrease in range, AR yards, due to a decrease of elevation, Aq. 

And taking TT! as a straight line 

—_ TM _ (R — AR) tan Ag) 
ie iM AR 

Now, as Ag is a small decrease in elevation, R — AR will 
not differ seriously from R except at very short ranges. Also 
if the angles are small we may write 8 and A¢@ for tan £, 
tan Ad. 

And, finally, taking AR as the alteration in range, due to 
1 minute elevation, we have as a formula for the angle of 
descent in minutes 

ae R 


ie tetera agialeedeoc oneal 
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At this stage it may be well to interpolate that the following signs 
used herein have the following meanings: %, the angle of projection; 
“V,” muzzle velocity; “v,’ remaining velocity; “C” the ballistic | 
coefficient. 

The whole object of the shooting being to get § absolutely correctly 
for the distance, and as at 1000 yards one minute of angle equals only 
about ten inches on the target, the necessity of favorable weather. | 
an accurate rifle, and careful shooting will be appreciated, moreover 
the hits must be upon the point aimed at, and not necessarily in the 
center of the bull’s-eye unless that happens to be the point of aim. 

Having shot and ascertained the angle of elevation at which hits 
were made upon the point of aim, it will be desirable to again test | 
the zero of the rifle, and repeat the shooting if any alteration is found. 

Account must be taken of head or rear winds. It is of course best 
to shoot on a calm day, but if this cannot be, allowance must be made 
ly regarding the range shot at as increased or diminished by hal? | 
he travel of the wind in the time of flight of the bullet, which in- | 
volves a knowledge of the speed of the wind, and the.use of a table | 
which also requires a knowledge of “C.” | 

A yery easy way to compute the time of flight when the angle of 
elevation is known is to convert this angle into drop then the time 
of flight is the square root of the drop divided by 16.1, this, of course, 
dispenses with the use of any table. ° 

Table M is the table employed for the problem in hand. . This table 
gives the sine of twice the angle of projection for the standard pro- 
jectile, and to use it for our purposes therefore a mathematical adjust- | 
ment for the difference in the size and weight of the bullet is necessary. | 

The following is an zpplication of Table M to our problem: j 

Knowing “9” end “V” for the range “R,” to compute “C.” Let 
“#" be 33’, “V” 2900 £/s, and “R” 1000 yerds. 

Then sin 2 $/R=Ca/R=a R/C, “a” being the figures under R/C 
and opposite velocity in the table, and a R/C=sin 2 #/R. This is the 
correct value of R/C and C is found from C=R R/C. In our example 
sin 2 9/R=sin 1° 6’/1000—=0.0000192. Turning to table M we find 
opposite “V” 2900 f/s, and under R/C 1900, 0.03633 which, divided by 
R_ 1900=0.0000191, and is a little less than the figure we require. 

Again under R/C 2000 we find 0.03950 which, 2lsé divided by R 2000 

gives 0.0000197, which is a little more than the required figure. But. 

hy interpellation we shall find that the correct figure would lie under 
1916, therefore “C”’=1000/1916—0.523, and our problem is solved just 
as correctly as we have exactly ascertained the necessary data “V” 
and “#.” With “C” once correctly ascertained the ballistic tables may 
be employed and will. correctly solve every ballistic problem we are 
likely to encounter. 

My acknowledgments are due to Capt. J. H. Hardcastle to whom I 
am indebted for such knowledge of the application of the ballistic 
tables as I possess, and as I know many of your readers are in pos- | 
session of these tables, doubtless some will be interested in learning. 
this method of obtaining the fundamental factor for using them. 
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This formula will be found sufficiently accurate for rifle fire 
at all ordinary ranges, and gives usa quick method of estimating 
the angle of descent once the elevations are known for wu 
number of ranges. 


Height of Trajectory. 


Theassumption made on p. 227, that the vertex of a trajectory 
is reached at the point of half-time will further enable us to 
deduce an expression for the height of the trajectory at any 
point. 


Let A, Fig. 13, be the vertex of a trajectory OAT, OT 
being the horizontal range, and let the whole time of flight be 
T seconds from O to T. 

Then the time from O to A is 2 seconds, and at A, as the 
bullet is moving horizontally, its vertical velocity must be zero. 

Hence the vertical velocity at O must have been 9 f/s. 


Now consider any point P in the trajectory and let the time 
of flight from O to P be ¢ seconds. 


Then if gravity did not act the bullet would, after ¢ seconds, 
be at a height (5) t feet above O. 

But gravity acting for ¢ seconds will reduce this height by 

Wiias 

Tees 


Hence the height h feet of P above O will be given by 


anid ie ys 
a iD gt’, 


ts 5 ot (T= 2) feet oes cece (Be 


This is known as Sladen’s formula. 
At the vertex 
j= 


w| 


and we have for the maximum height H in feet. 
1 
Ho =a7 
abe 


or taking g = 82, 
‘ ae CDM Seta eecessde seas ty ose (9); 


in words—the square of double the time of flight in seconds is 
the height of the vertex in feet. 


' 
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Porting TRAJECTORIES. 


Sladen’s formula furnishes us with a convenient method of 
plotting the trajectory for any range. <A suitable number of 
intermediate ranges are chosen, and the time of flight and 
thence the height of the trajectory calculated for each of these 
points. 

Setting off the ranges as abscisse and the height as ordinates, 
a curve representing the trajectory can be drawn. 

In the case of a rifle trajectory owing to the flatness it will 
generally be found necessary to exaggerate the vertical scale 


(h: X= 10:1 say). 


If a table of ranges and elevations for a rifle is available the 
trajectory, may be plotted by another method which is approxi- 
mately correct for flat trajectories. 

Let. OP (fig. 14) represent the horizontal range R on a 
suitable scale, and draw OB so that the angle POB = @¢, the 
elevation for the range R. 

- Let @' be the elevation for some shorter range R’. . 
Draw OB' below OB so that angle BOB’ = ¢'. 
Make OM = Rand draw MP perpendicular to OP, cutting 


OB’ in P. 

Then P’ is a point on the trajectory. 

Other points P", P’”...... can be fixed by a similar construc- 
tion for ranges R”, R'”...... and elevation ¢", ’"...... : 


This method is, however, somewhat troublesome when the 
vertical scale has to be exaggerated. 


Rance TAaBues. 


We are now in a position to calculate a range table for any 
rifle bullet, given its muzzle velocity and ballistic coefficient. 

For any range we can calcnulaté the angle of projection as in 
Problem 4, page 228, the angle of descent as in Problem 8, 
page 231, the remaining velocity and time of flight as in 
Problem 1, page 224. 

Where an extensive range table is wanted with values for 
every hundred yards range, the most convenient plan is to 
calculate ¢, f, v, ¢ for say six ranges, and then plot the points: 
so obtained on a large scale on squared paper. 

A curve can then be drawn through these points by means of 
a flexible ruler or “spline,” and the hundred yards values read 
off and tabulated from this curve. 

A range table calculated for the ‘303 short rifle, with 
Mark V1 ammunition, is shown below, also abridged tables for 
some other bullets. 
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Ranew TABLE. 
Rifle, Short, M.L.H., *303, Mark VI cartridge. 


C = 0°421. 
Angle |1’Eleva-| Angle |Remain-| Time 
Range of Pro- tion of ing of peas : 
jection. | alters | Descent. | Velocity. Flight. H ii 
9. Range. B. v ts y 
yards AEs Wt Vera zal f/s. jseconds.| feet. 
0 0 O —. |0: 0} 2,060} 90-00 0°6 
100 4] 23°0 4 | 1,876 | 0°16 O-l 
200 9] 20°0 10 | 1,706 | 0°32 0 *4 
800 UD Le 17 | 1,548) 0°51 1:0 
400 21} 15:4 26 | 1,403 | 0°71 20 
500 28 | 13:3 38 | 1,281 | Go 3°5 
600 36} 11-6 lle lly esha a alt) 5°6 
700 AD || W084 LB) U,03s) Ls 4a 8:3 
800 50 9:2 27 | 1,048) 1:71) 1-7 
900 Le ed 8°4 47 | 1,008; 2°01 | 16°L 
1,000 19 CaaS 961 | 2°32 | 21°6 
1,100 32 vant 34 923 | 2°64] 28°0 
1,200 46 6°6|3 0 888 | 2°97 | 35°3 
1,300 are 6°2 28 856 | 8°31 | 43°8 
1,400 19 5°8 57 826 | 3°67 | 53°9 
1,500 36 5°5 | 4 30 796. | 4°04) 65°3 
1,600 55 EF aap 0) 767 | 4°42 | 78°3 
1,700 3 15 4-9 45 739 | 4°82 | 92:9 
1,800 36 4°6 | 6 27 711 | 5°24 | 109°8 
1,900 58 4-3.) 7 12 684 | 5°67 | 128°6 
2,000 4 22 4:1)8 0 658 | 6°11 | 149°5 
The jump with this cartridge is + 4’. 
French D/05. i 
C = 0°521. 
nn 
R 7) Bp. v t H 
yards ¥ mee f/s. seconds.| feet. 
0 0 0 0 2,380 0°00 0:0 
500 0 19 0 25 1,639 0°76 2°3 
1,000 52 1 24 1,141 1°87 14:0 
1,500 1 44 3 10 942 3°33 44: 4: 
2,000 2 58 5 383 $10 5°05 102°2 
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German §/05. 
C = 0°384. 
l “a | 
R p- B. v. t. | H. 
\ ae 
yards. eee se ti f/s. seconds. feet. 
0 OO iO a 2,820 0-00 0-0 
500 0 14 0 20 1,741 0°68 Tae 
1,000 0 44 1 26 1,086 1°80 13°0 
1,500 | I 41 3 29 864 3°36 45°2 
2,000 3-5 6 36 705 5°28 111°7 
Ross-Hley ° 28. 
C = 0°535. 
O00. 0-0" | + 9,900 11’ 0-00 0-0 
500 0 12 016 | 2,082 | 0-61 1:5 
1,000 0 33 052 | 1,428 1:48 8°8 
1,500 Slee 2 13 1,060 | 2°73 29°7 
2,000 2 1 4,15 899 | 4°27 73°0 


The range at which the height of the vertex of the trajectory 
is the same as the height of the target fired at is sometimes 
referred to as the “fixed sight range” for that target; the 
meaning being that if the rifle is sighted for this range the 
target will be struck at any shorter range. 

The term ‘‘danger range” is also applied to the same 
distance. Taking the average height of an infantry soldier as 
5°5 feet the “fixed sight range” or ‘‘ danger range” against 
infantry for any particular rifle will be the range at which 


He 52bi feet: 


“* Danger space’’ has already been defined on p.195. Wemay 
describe it in other words as the horizontal distance over which 
a target of given height would be struck by a bullet describing 
a certain trajectory, the descending branch only being con- 
sidered, as a rule. ‘ 

The flatter the trajectory the longer will be the “fixed sight 
range” and the greater the “danger space.” Hence the 
endeavour to make the trajectory of the modern military rifle 
as flat as possible. 

The following examples illustrate the application of the 
formule to some questions of this nature :— 

Example (a).—Caleulate the “fixed sight range” against 
infantry with the D/05 bullet. 

We have to find the range at which 

H = 5°5 feet, 
“or as 
H= 4T", 


the range for a time of flight of ref = seconds. 
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The work may be arranged as follows :— 


V = 2,380. Co On 2s 
Hoge Ei 0: 7404 
Log 4 = 0° 6021 

0°1383 
Logit a= 0:0691 
Lorre 1°7168 
ae : 
Log a= 0°3523 
3 = 2°251 
T, = 110-909 
T, = 108°658 
v = 1,392 f/s 
Sy =42,825°2 
S, =38,753°0 
X — 4072-0 
C 
x 2. 
Log = 3° 6098 
Mog exe 3° 3266 
X = 2,121 feet 
R= 707 yards 


the fixed sight range. 


Example (b).—Find the “ danger space” against infantry at: 
1,000 yards range on level ground with the 8/05 bullet, 
supposing the muzzle of the rifle to be at the level of the 
ground and aim to be taken at the ground line of the target. 

Here we have to find the distance from the target at whiclu 
the height of the trajectory is 5°5 feet. By Sladen’s formula 


h=d'5 ats (T —2), 


and from the range table, -p. 236, 
T = 1°8 seconds, 
o &—1°8t + 0°344= 0. 
Solving this quadratic for ¢ we get 
¢ = 1°58 or 0°21 second, 


the smaller value referring to the “ascending branch” of the 
trajectory, the larger one to the “ descending branch,” which is. 
what we are dealing with. 
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We now have as data, 


V = 2,820 f/s. = =O = 0°384, it = 1°58 seconds, 


T, = -111°477° 
‘ 
nee A’ i 
G 

T, = 107°37 
» = 1,148 f/s 
Sy =44,296°7 
S, =37,131°7 

a = 7,165°0 


s = 2,750 feet. 


The danger space is therefore 
3,000 — 2,750 = 250 feet = 83 yards. 
At long ranges and considerable angles of descent the danger 
space is approximately given by 


z cot w yards. 


h being the height of the target in feet, w the angle of arrival. 
But with the flat trajectory of a rifle at the ranges generally 
dealt with this is not sufficiently accurate, 

Thus calculating the danger space in the last example by this 
method we would have 


— cot 1° 26" 


= 73 yards instead of 83 yards. 
Example (c).—-The maximum height of the trajectory of the 


service ‘303 bullet is 21°6 feet at 1,000 yards. What increase 
of muzzle velocity would be necessary to reduce this height to 


16 feet P p 
Here C = 0°421, 
X = 3,000 feet,. 
H = 16 feet, 
AeA ae hea 2 seconds. 
X:_ 3,000 _ ane ; 
76h = 0°491 ag) 7,125 = Sy joa) Ss, Melis tegen 
BD cient Dage eR sai a ye a 
Gm aadl a 75 = Ty T, cree aerate (ii). 


We must: proceed to find by trial and. error what value of V 
in (i) will satisfy (ii). : 
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———— EE a 


Die Vee 2,600 2,400 2450 

Se 43,579 °1 42,895°1 43,068°7 

a | 7,195 7,125 7,125 

s, | 36,454 35,770 35,944 

or 1,084 1,035 1,046 

Ty 111-212 110-938 119-010 

Ty 106° 762 106°115 106°277 

= 4+ 450 4°823 4*733 | 
too small. | too large. nearly correct. 

| 
i EEE 


The muzzle velocity would therefore have to be increased to 


about 2,450 f/s. 


Example (d.)—A rifle is sighted through the axis of the 
barrel at a target distant 100. feet. A number of rounds are 
fired, and the mean point of impact is. found to be 1115 inches 
above the point aimed at. The mean muzzle velocity is known 
to be about 23050 f/s. 


What is the jump of the rifle P 
Tn travelling 10U feet the vertical drop of the bullet (4 feet) 
will be given by cot 
Wie ; gt’, 
whero t is the time of flight in seconds, 


Considering the short distance of the target from the muzzle 
we may take with inappreciable error the average velocity over 
the 100 feet as 2,050 f/s. : 


Then 
tes LOO ss: 4 arate 
i 2,050 0:0487 seconds, 
and h = 0:088 feet, 


= 0°456 inches, 
the drop of the bullet due to gravity in the time ¢. 


Tf there were no jump the bullet would be 0;456 inches below 
the point aimed at. 


But as it strikes on am average 1:15 inches above the point 
aimed at there must be a positive jump of 
-; 115 + 0:456 
1,200 
= 4} minutes nearly. 


tan 
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Drv. 
Drift. It is found that the bullet fired from a rifle always deviates 
to a certain extent from the vertical plane through the axis of 


the rifle. 

This deviation is known as the drift. With bullets having 
rounded or pointed heads of the usual type the drift is to the 
right with right-handed rotation and to the left with left- 
handed rotation. The amount increases with the range and 
elevation ; also, other things being equal, the sharper the twist. 
of the rifling the greater will be the drift. 

With regard to the theory of drift, Sir George Greenhill 
remarks (The Engineer, 6th December, 1907): “The baffling 
problem of drift is a gyroscopic effect, which causes the mean 
plane of the trajectory to be inclined from the vertical at a. 
small angle of 2 to 3 degrees; but as drift is a side issue of 
curvature by gravity of the mean track, and no formula has 
been devised yet to suit the facts, devised on theoretical 
principles from the physical data, we leave the subject here a 
challenge to the ingenuity of the scientific artillerist.” 

This being the state of affairs no discussion of the various 
theories will be attempted here. 

For practical purposes it is sufficient to determine the actual 
amount of the drift experimentally at different ranges. 

With the Lee-Enfield rifle the drift is to the left on account 
of the left-handed twist of the rifling. At 600 yards the drift 
amounts to about 54 inches, at 1,000 yards to about 20 inches. 
These results were obtained by firing two rifles from a mechanical 
rest, one of which had right-handed and the other left-handed 
rifling. The rifles were accurately layed by means of a. 
telescopic sight ; first at 100 feet under cover, when the sights. 
were adjusted to make the rifles shoot true for direction, then at, 
600 and 1,000 yards ona calm day. At each range, half the 
average distance apart of the points of mean impact of the two 
rifles in a series of diagrams was taken as the amount of drift. 
The ammunition used was Mark II, giving 1,960 f/s. 


WInp. 


We may consider the effect of wind upon a rifle bullet under 

two heads— 

(a) The effect on the range. 

(b) The effect on the direction. 
Supposing a wind of W f/s blowing ina direction making an 
angle @ with the line of fire (fig. 15). Resolving W into two 
components W, and W, parallel to and at right angles to the 
line of fire we have 


W,= W cos 6 
W,= W sin @ 
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W,, will be component, influencing the range of the bullet, and 
its effect is approximately given by Sir George Greenhill’s 
formula 
5W,. {RK \ 
inet (i) PER Ae) 10). 
cv \ioo) 7" ants 


Where AR is the change of range in yards due toa wind, W, f/s 
acting on a bullet whose ballistic coefficient is C and muzzle 
velocity V f/s, at a range of R yards. 

For the effect of Wa on the direction we employ Young- 
husband’s adaption of Didion’s solution. 

BS Win hob) a csica tcaaiasacnernccpee ess (11). 

Where S is the lateral deviation in feet, T is the time of flight, 
and ¢ is the time of flight over the range R yards if the muzzle 
velocity V is maintained throughout, as in vacuo, t.c., 


_ 3R 
ai eB 
It is sometimes more convenient to use a formula with the 
deflection in minutes (6), and the wind speed in miles per hour 
(M). The relation is then approximately for rifles. 
peal bide sole mia. 


EY Ooo (0) eeeteroes 
As an example we may calculate the alteration in range and 
deflection necessary for a ‘303 bullet at ranges of 1,000 yards if 
a vear wind of 50 f/s be blowing at 20° to the line of fire. 
We have 
W = 20 f/s. V = 2,060 /s. C = 0-421. 
W, = 20 cos 20° = 18°8 f/s 
W, = 20 sin 20° = 6°8 fis. 


_ bw. ) 
test ar (i00 
5 x 188 


= (421 x 2,060 
= 10° yards. 


For Vanes 


x 100 


For deflection 
= w(t _ a) feet 
= 68 (2:32 — 30) 
mp (2 32 5 060 
ti) feet, 
equivalent {o about 7 minutes at 1,000 yards. 
Or using formula (12) 
gu MxR 
C x 150 
__ 465 x 1,000 
~ 0-421 x 150 
= 73 minutes. 
(A148) Q 
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Summary or Novation. 
ForMULaz. 


“ = the ballistic coefficient. 
ne 


Q 
{i 


w= weight of projectile in lbs., 
(| = effective diameter of projectile in inches, 
coefficient of reduction = xo7, 


3 
Il 


and 

coefficient of shape of head, 
coefficient of steadiness of flight, 
coefficient of tenuity. 

muzzle velocity in f/s, 

remaining velocity in f/s, 

range in yards, | 
range in feet. | 


‘ OT LN a ae MRE ee Se Table H. | 
Where t is the time in seconds it would take for the velocity ! 
_ of a projectile with ballistic coefficient C to fall from V tov f/s, 


a Sey a cis cae oaetnaanenes Table K. 
Where s is the space in feet traversed by a projectile of 
ballistic coefficient C while its velocity falls from V to v fis. 


fang ene I FE eb Table L. 
Where ¢ denotes the angle with the horizontal made by a f 

tangent to the trajectory of a projectile of ballistic coefficient C, | 
at the point where its velocity is V, and @ denotes the angle 
when the velocity is v. 

¢ = angle of projection, 

8 = angle of descent, 
Feralas trae icons Os RAR AN SCN Ae stic Table M. 


Where a is given in Table for reduced range 4 and 


Kisedaas 


el a il 


muzzle velocity V. 


Ber elas 
Pe ae 
When £8 = angle of descent in minutes at range R yards, 
and AR is difference in range due to 1 minute elevation at the 
range R. 
pe 5a (T — Z). 
H = 4(T)’. 
Where h = height in feet after time ¢ seconds, when whole 


time of flight is T seconds. 
H = greatest height of trajectory in feet. 


Digitised by the Vickers MG Collection & Research Association 


APPENDICES. 


(4148) q 2 


Digitised by the Vickers MG Collection & Research Association 


Country 


Vattern of the Year ...: 


Designation 


Breech Mechanism 


Weight— 
ithout bayonet eve 
With he Mee 
Length— 
Without bayonet ‘ 
With ” . 
Barrel— 
Length ... see ne 
‘ mm 
Calibre ... iis, 
Number of grooves ... 
Depth a ins. 
Rifling= 
Twist, Lturnin ins. 
a * calibre 
x direction aaa 
Sights— 
metres 
Lowest for yards 
' metres 
Highest for yards 
Cartridge— 
Length ... eannae 
Weight ... eis 345 
Bullet-— 
Material... ase 
Length ... ins. 
Diameter selergy 
Weight ... oe QTs. 
Charge— 
Weight ... io. BTS. 
Value of W/d? 
Muzzle Velocity .. f.s. | 


Maszimum Range...yards 


Prussia. 


1841 


Needle Gun 


(Dreyse). 


Bolt. 


10 Ib, 4 oz. 
11 1b. 0 oz. 


. 4ft. 5 ins. 
“) 6 ft. 14 ins. 


35°43 
15°43 
| 607 


4 
0807 
28-82 


47°5 
To right 


350 paces 
287 


32°28 
11 
433 


“0118 


244, 


APTN 
Tan 


BREECH-LOADING RIFLES on 


France. Austria. 
1866 1868-73 
Chassepot. Werndl. 
Bolt. Block. 


| 
9 Ib. 5} oz. | 9 1b. 13} 07. | 
'10 Ib. 124 0z.| 11 1b. 7 02. 


4 ft. 8hins, 4 ft. 2 ins. 
6 ft. Zins. | 


6 ft. 0 ins. 
| 
| 
33 °2 

ll 
+433 

6 
0072 


29°52 
68 
To 1ight 


200 paces 
164 

| 2100 paces 

| 1722 


| 3-0 
656 
Lead 


| 1063 
| °433 
1S eAr870 


wes 
| #282 


1440 


Belgium. 


1867 


Albini- 
Briiendlin. 


Block. 


9 1b. 14 0z. 


4 ft. 5% ins. 
6 ft. 0 ins, 


To right 


300 

328 

2100 
2296 °6 


2°59 
648 


Hard lead 


1°10 
7433 
386 


80 25 
294 


\10 1b. 10} oz. 


Denmark, 
| Norway and 
\Sweden, Spain. 


| 1867 
| 1867 
| 1871 


Remington. 


Block. 


9 Ib. 54 02. 
10 lb. 134 oz. 


Hard lead 


1-10 
437 
387 °4 
W716 
305 
1340 
3062 


England. 
= 
1853-66 1H7t 
‘ Marilnt 
Snider. Henty, 
Block. Blok, 
91b. 1 oz. | 91D. 0 08, 
10 1b. 0 oz. | 9 1b, 12 08, 
4 ft. Zins. | 4 ft. 1) 16 
6 ft. OL in, 5 fe. 1141 
39 334 
14°67 iad 
“577 i) 
3 7 
“005-012 | *007~ "00H 
78 22 
135 44H 
Toright | To right 
91°4 O14 
100 100 
914°38 1326 
1000 1400 
245 32 
715 758 
Lead Hard load 
1-042 1:27 
“573 “AD 
480 480 
70 8h 
206 “330 
1240 130 
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DIX I. 
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LARGE CALIBRE (SINGLE LOADERS). 
eee eee eee eee 


France, 
Greece. 


1874 
1878 | 


Gras. 


Bolt. 


9 1b, 11 oz. 
10 Ib. 7} 02. | 


4 ft. 3} ins. 
6 ft. 1 in. 


To right 


300 

328 

1800 
1968 °5 


2°99 
| 676 


Hard lead 


| 1°063 
| 433 
386 
81°32 
294 
1493 


3171 


Germany. 


1871 


Mauser. 


Bolt. 


10 Ib. 4 02. 


i 
| 
| 
| 


11 1b. 12 02. | 


Holland. 


1871 


| Beaumont. 


Bolt. 


9 1b. 94 oz. 
10 lb, 64 oz 


| 4ft. 4ins, 


6 ft. O in. 


| Hard lead 


1-063 
4567 
336 


1871 


Vetterli. 


Bolt. 


91b.9 oz. | 
10 1b. 8 oz. 


4 ft. 54 ins. | 
6 ft. 2 ins. 


33°9 
10°4 
4095 
4 
“0089 


26 
63°5 
To right 


200 
218°7 
1600 
1750 


2°59 
540 


Hard lead 


996 
4193 
313°3 
61°73 
*266 
1430 
3007 


Portugal. 


1885 


Guedes. 


Bolt. 


9 Ib. 04 oz. 
10 Ib, 44 oz. 


3 ft. 112 ins,! 


5 ft. 6 ins. 


38°3 
°3 
315 


To right 


300 

328 

2000 
2187°3 


3°24 
540 


| Hard lead 


with copper 
envelope, 
point bare 
1°29 
*315 
247 


| 
Turkey, | Russia, 
Roumania. | Bulgaria. 
| 1874 1871 
| 1878 1880 
Peabody- | 
Martini. | Berdan II. 
Block. Bolt. 
| 9b. 10 oz. | 9 Ib. 124 oz. 
| 10 Ib, 84 oz. | 11 1b. 0 oz, 
| 
4ft.lin. | 4ft.5in. 
5 ft. 9ins. | 6 ft. 1} ins. 
| gae2 | 82-75 
11°43 10°66 
°45 42 
5 6 
*007-"009 0079 
| 
22 | 22 
| 48°38 | 52-4 
To right To right 
| | 
| 
| 109°3 | 3800 paces 
| 100 287 
| 1280 1400 paces 
1400 1148 | 
| 
coi ml PIS 473 
| 802 610 ! 
| | | 
| >Hardlead | Hard lead | 
J 
1:27 1-063 
“45 °4272 
480 370 
| | 
85 77°16 
+339 +299 
| 
1380 1444 | 


Servia. 


1881 


Mauser- 
Milanovic. 


Bolt. 


10 Ib. 4 oz. 
11 Ib. 10 oz. 


4 ft. 23 ins. 
5 it. 9% ins. 


31°54 
10°15 
“4 


21°6 
54 
To right 


300 paces 
287 

2700 paces 
2214 


Hard lead 


1°145 
“4016 
335 °6 
71 
297 


United 
Statos. 


1886 


Springfield. 


Block. 


9 Ib. 5} 02. 
10 ib. 1 07. 


4 ft. 3} ins. 
5 ft. 94 ins. 


32°5 
11°43 
“45 
3 
0059 


752 
Hard lead 


1°322 
4595 
500 
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BREECH-LOADING RIFLES OF LARGE 


_ Country a 4 aes ave 
Pattern of the Year oe 
Designation ... ere tes ng 


Magazine System ... 


_No. of Cartridges in Magazine ... 


Weight— 


| 
| 
| 


| 

Without bayonet... ial 

With ris 
Length— 

Without bayonet... 

With Faiats 
Burrel— 

Length... vas eo ins. 

4 mm. 

Calibre... tes Hare 

Number of grooves 553 “9 

Depth sie Bee «. ins.| 
Riflina— 

Lwist, 1 turnin ... ore, Sanee 

+s ¥ ane calibre 

» direction ... ga tus 

Sights— 

metres 

Lowest for... ant yards 

metres 

Highest for Wie yards 
‘ Cartridges— 

Length ... aie v= ins, 

Weight... nee on BTB. 
Bullet— 

Material ... ay oes Rie 

Length ... ps ve Ans, 

Diameter ... ee ee dins.} 

Weight... vas soe GTS. 
Charge-— 

Weight... a se STS. 
Value of W/d® St nae ove 
Muzzle Velocity .... Pecan eH 
Maximum Range + yards 
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Austria. 


1886. 


Mannlicher, 


..| Fixed vertical box. 


9 Ib. 153 02. 
10 Ib. 124 oz. 


4 ft. 4 ins. 
5 ft. Lin. 


31°7 
ll 
433 
6 
‘0079 


28°4 
65°6 
To right 


200 paces 
164 

2300 paces 
1886 


2°91 
656 


Hardened lead 
1°063 
433 
370 
17°16 
#282 
1440 


France, 
(Marine Infantry.) 


1878, 


Kropatschek, 


Tube in fore-end. 


10 lb. 4 02, 
11 Ib, 7} oz. 


4 ft. Lin. 
5 ft. 93 ins. 


To left 


300 

328 

1800 
1968 *5 


2°99 
676 


Hardened lead 
1:063 
*423 
386 
81°32 
#294 
1493 


3171 


Tanen 


Germany. 


1884, 


Mauser and 
Commission. 


Tube in fore-end. 


10 Ib. 23 oz. 
11 ib. 0$ oz. 


4 ft. 3 ins. 
5 tt. 94 ins. 


21°65 
50 
To right 


200 
218°7 
1600 
1750 


3:07 
663 


Hardened lead 


10827 
433 
386 
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II. 


CALIBRE (MAGAZINE ARMS). 


Holland, Italy. Norway. Switzerland, Turkey. 
1871-88. 1871-87. 1887. 1869-81. 1887, 
Beaumont-Vitali. | Vetterli-Vitali. Jarman, Vetterli. Mauser. 
Fixed vertical box.| ¥ sip ibaa Tube in fore-end. | Tube in fore-end. | Tube in fore-end. 
4 4 8 12 8 
9 Yb. 154 oz. 9 Ib. 133 oz. 9 lb. 12 oz. 10 Ib. 2} oz. 9 Ib. 64 02. 
10 lb. 13 oz. 11 Ib. 25 oz. 10 Ib. 104 oz. 11 lb. 6 02. 10 Ib. 154 oz. 
4 ft. 4 ins. 4 ft. 6 ins. 4 ft. 5 ins. | 4 ft. 4 ins. 4ft. 1} ins. 
6 ft. On. 6 ft. Lin. 5ft.10Zins. | 5 ft. 10 ins. 5 ft. 8 ins. 
32°75 34 32°3 | 33°2 30°4 
Il 10°4 10°15 10°4 9°5 
433 4095 “4 -4095 "374 
4 + 4 | 4 4 
“O118 0089 0067 0089 0059 
29°53 26 22°4 26 19:7 
68 °4 63°5 56-4 63°35 52°7 
To right To right To left To right To right 
100 200 200 225 200 
109°3 218°7 218°7 246 218°7 
1800 1600 2400 1600 1600 
1968 °5 1750 2625 1750 1750 
2°67 2°6 3°07 2:2 . 2°47 
664 509 636 469 555°5 
Hardened 
Hardened lead lead, copper Hardened lead Hardened lead | Hardened lead 
envelope 
1-063 1°0118 1°0866 “9961 1°0473 
“4567 425 403 419 "382 
386 313 383 313 284 
77°16 64 73°3 61°7 69°4 
264 *266 “347 +266 +288 
1476 1525 si oe 1338 1758 
3281 iy sks Bon ibe 3062 ese crs 


a 
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TARLE 
RIFLES AND CARBINES OF SMALL 


| Arm. 


| 
Weight. Length, | 


} 


Nomeaclature. With, Without.) With. | Without. | 


‘ 
Bayonet or sword-bayonet. 


; 
MARTINI-METFORD. Ib. oz. | Ib. oz. | ft. in. | ft. in. 
Carbine, Artillery, Mark I, converted from M.-H. Art.,I ...) 8 113] 7 123 | 41b8 3 ye ‘ 
Pe e Reo PAN Sree Aico bone eee Rte eel Oe] OF a do las 3 Ly 
” ” WHE 5 tae ap ND |B) Db t oo8 1 ae 
RA OANGINY yf) gg tea oes ¥e fie Cav eel tide 8 Prt: 3) eae 
4 3 ep ane Danie 4 + rpm Wy rye U 8 4 3 1: 
” aN ae) PRL Sy ” so0. uh Fiss oe 6 ll 3 O14; 
Manrrini-EnFIEwp. 
Carbine, Art., Mark I, converted from M.-H. Rifle, HI...) 8 4 7 44 )4 15) 3 14 f 
Lf) CIES on bebe Rees Aree aan ie) 9 | Gamera ic Bae Roller ene ee i aes OS cel aie ; 
2 cp ee igs OF i eet Ae ries Boa NT Pay | 4 15; | 3. 1S 
ROR SIE ce es pep Aree Dn Bec oak ol ag ee 
Sd oN dee 11 ae ie iffe a awl zag | 4 atl gaya ; 
Becca Vie = ys, Gk ” a3 ay yea Of see 6 il | 3 14; 
A CP aE Ca eagen Wi ee wks 98 6 13 1s | 
Rifle, Mark I, converted from M.-H. Rifle, 11T We a i eke} 8 5 5 8% | 3 10% 
we OT re i Saar tae RS By 95 “Oy BO DB Aa, Come Geo elOm 
LEeE-METFORD. | 
Carbine, magazine, Mark I 7 7 3 33; 
Rifle, i re Wiss (2 ftles tes 2 me lOd, ARSE Os 8: 5 1h 4 1} 
Os “A Pre 1 RE batiese (reeset teeta at O ame Or A Bd 0 Busia 4 ik 
% a Pies) Saab oie ae Peal oitieee eI BEY D4 6 Wa 4 1} i 
LEE-ENFIELD. | 
Carbine, magazine, Mark I ap ue os tee ese] eee x Me 3 33; 
a be oT lag oe aint) ndash liratse sel Id ese] paceee (Mave | oss 3 383i; 
Rifte, ny sph AML TPE tse) sel oe hs (li se AOD Reem ONAN) LS 51 sl nee 
5 * LOR) SIF 5) 9S dS SS re ear 10 44] 9 5 5 1h 4 ik | 
Short rifle, ,, Mark I ove use eee ove ae) eS. 8 24 |5 132; 3 839; | 
Na a) ser Poe ae Gree ate if 925, FB AT AOA Ss eee 
pe ihe Lr ht te caw eerie ne AOA loi e emp ey iTS CEC 5 
ae ae AS converted, Mark II eee tse | OFS 8 23/5 12) 3 8% ‘ 
ST eee a » I i 9) ork $809 | 5 1 Saree 
eee sateen i ae ne ee ee “| 9 15 8 144 | 5. 132 |) 3 8 | 
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‘TI. 
CALIBRE OF THE BRITISH SERVICE. 
Barrel. | 
Dimensions, | Rifling. 
| (ciel Bie a 
Visit | ; hag 
13 | | Nature. Nae te hoee: Service, 
| f , eee |e 
El a @ a 3 
F| eee os) a ge et eee 
bo sf |¢| 8 58 #5 3 
8 a || ee] se | gs | £ | 
4 Oo (4! A a) a a | 4 
ft. in. in. in. in. yds. | 
ea 3 *303 | 7 | °0045 | Metford at cael 1400 ; 1940 None made beyond pattern arms. 
i | eft han 
19 “303 = 7 | °0045 | Metford} 1in 10, | 2000 | 1940 
| left. hand 
19. 303 7 | :0045 | Metford) lin 10, | 2000 | 1940 
{ i left’ hand \ 
1 93 °303 7 | :0045 | Metford| lin 10, | 1400 | 1940 | 
bind left hand | | 
ie et) 3 *303 | 7 | *0045 | Metford| 1 in 10, | 1400 | 1940 , 
ihe bal left hand | 
{ig °303 =| 7 | 10045 | Metford| lin 10, | 2000 | 1940 | 
left hand | 
NG *303 5 | :0065 | Enfield | 1in 10, | 2000 1940 | 
left hand | | 
;1 9 303 5 | +0065 | Enfield lin 10, | 2000 | 1940 , 
{eat left hand | 
1/1 9 303, 5 | 0065 | Enfield | lin 10, | 2000 | 1940 
| left hand | 
Bs *303 5 | 0065 | Enfield lin 10, | 2000 1940 | 
| i left hand | 
11 9 303 5  *6065 | Enfield lin 10, | 2000 1940 | 
| | left. hand | | 
j1 9 303 5 | *C065 | Enfield lin 10, | 2000 , 1940 | 
| left hand | | 
19 °303 5 | +0065 | Enfield lin 10, | 2000 | 1940 | 
| left, hand | | 
2 63, 303 5 | 0065 | Enfield | 1 in 10, | 1800 | 2060 | 
oul left, hand | 
2 63; 303 | 5 | :0065| Enfield | 1 in 10, | 1800 | 2060 
left hand | | 
1 8} 303 7 | °0045 | Metford| lin 10, | 2000 | 1940 | 
left hand | 
2 63; °303 «| 7 | °0045 | Metford| lin 10, | 2900 | 2030! 
left hand | 
2 63; 303 7 | :0045 | Metford}| lin 10, | 2800 2060 | 
| left, hand | 
2 65; °308) «| 7 | 0045 | Metford| 1in10, | 2800 | 2060 | ‘ 
\ | left hand ! | 
| | 
1 83 *303 5  °0065 | Enfield lin 10, | 2000 | 1940 
| | left hand | 
1 83 °303 5 | 70065 | Enfield lin 10, | 2000 | 1940 | 
left hand 
eGsy | °303 5 | °0065 | Enfield lin 10, | 2860 | 2060 
| | left band | 
2 6%; | 308 5 | *0065 | Enfield lin 10, | 2800 2060 | 
left hand | 
2 13; °303 5 | °0058 | Enfield lin 10, | 2800 2060 | 
| left hand | 
2 1,5 303 5 | 0058 | Entield lin 10, | 2800 | 2060 
| Jeft hand | 
2 143 303 5 | °0058 Enfield lin 10, | 2800 2060 | Length of short rifles is shown 
| left hand | | with pattern 1907 sword- 
2 1; 303 5 | 0058 , Enfield lin 10, } 2800 2060 bayonet. 
Y | left hand 
2 14] +863 5] 0058 Enfield | 1in 30, | 2800 , 20€0 
| | left hand i 
2 13; 303 5 | *0058 , Enfield lin 10, | 2800 | 2060 / 
' ' left hand | | | 
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TasBLe V. 


List of Components of Rifle, Short, Magazine, Lee-Mnfield 
(Mark IIL), showing which are special to this rifle, and which 


are common to other “ marks ” 


of short rifles :— 


Special or Common. 


Marks I1I and converted IV. 


Marks ITI and converted 1V. 


Component, 
Bands— Common to— 
Inner as vy ee oe 
Outer i Me ae ge All marks. 
Blades, ph a ee +e . 
Barrel . i fs 


Bead, pointer, dial sight He a 
Bed, backsight ee ae oe 
Block, band, pee : 


Body . ‘ es is ve 
Bolts— 

Breech ts ‘gf a + 

Locking . a ve oe 

Stock ve an ws Me 
Bracket, swivel, butt.. be 
Caps— 

Handguard, front .. be 

Nose We ve a 
Case, magazine Re +e an 
Catches— 

Magazine .. oe oe 


Safety, bolt, locking Hp 

Slide backsight ae 
Clip, stop, magazine.. 
Cocking-piece, . ° 
Collar, screw, front, trigger guard, . 
Cut-off ° te oe 
Disc, marking, butt sf i we 


Extractor ie as of 
Guards— 
Hand— 
Front 
Rear 4 
Trigger... 
Heads— 
Breech bolt 
Serew, windgauge.. 


Key, block, band, foresight. is 
Leaf, backsight o . . 
Nut screw— 


Protector, backsight we ie 


Back, nose-cap 
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All marks. 
Marks IIL and converted TV. 
All marks. 
Special to Mark IIT. 
Common to— 
All marks. 
Marks III and converted IV. 
Marks I, 1*, converted II, and 
III. 
Marks I*, converted II*, IIT, and 
converted IV. 


All marks. 
Marks I1I and converted IV, but 


may be used to replace rose-caps 
fitted to other marks. 


All marks. 
Marks IIT and converted IV. 
All marks. 


~ Marks A Wat ha conyerted II, and 
Ill. 
All marks. 
7 
Marks III and converted IV. 
All marks. 
Marks JII and converted IV. 
All marks. 
Marks III and converted IV. 


All marks. 


Taste V—continued. 


1 RA SSS SE 


Component. Special or Common. 
Pins— 
Axis-— Common to— 
Backsight . 5 on Marks III and converted IV. 
Marks I, I*, and converted IT, 
Trap, butt plate oe AS 1 fitted with No. 2 butt plate, and 


Worn, fine—-adjustment, cate), 
slide, backsight oe oe 


Catch, magazine .. oe sie 
Fixing — 
Bed, backsight .. ee +e 
Block, band, foresight .. . 
Head, screw, windgauge ie 
Washer, pin, axis, backsight .. 
Joint, band, outer. . aie ee 
Screwed, fore-end.. os é 
Stop— 
Hand, outer ee a se 


Bolt, locking .. 5 BE 

Drigger *\ .. oe es ie 
Plates— 

Butt oe. oe oe ee 


Keeper, stock bolt.. ns A 

Sight, dial .. ote Ss eta 
Platform, magazine .. oe 
Pointer, sight, dial .. oe 
Protector, sight, back 


Rivets, string, handguard |, <e 
Screws— 
Band, inner ve bis us 
Cap, nose— 
Back ee on ee ad 
Front .. Me ws 


Catch, slide, backsight .. 
Cut-off Se vs ve 


Disc, marking, butt “s a 
Hjector .. oe te 
Extractor .. ‘6 oe 
Guard, trigger— 
Back /s ie. ae ai 
Front... is o's 


Handguard cap .. i ‘4 


Keeper, striker .. oe ee 
Plate, butt.. 2% oie sit 
Protector, backsight we oe 
Sear.. oe +. os i 


IIl. 


Marks IIT and converted IV. 
All marks. 


Marks III and converted IV. 
All marks. 
Marks III and converted IV. 


All marks. 

Marks I, I*, and III. 

All marks. Same as “Pin, stop, 
band, lower M.L.M. rifle.” 


Marks III and converted IV. 
All marks. 


Marks I* and III, and also to I 
and converted II when fitted 
with No. 2 brass butt plates, 

All marks. 

Marks ILI and converted TV. 


All marks. 
Marks III and converted IV. 


All marks. 


V—-+--— YY 


Marks III and converted IV. 

All marks, 

Marks I, I*, converted II and 
Ill. 


} All marks. 


Marks I, I*, and III. 

All marks. 

All marks. Same as “ Serew, 
keeper, fine adjustment, and 
handguard cap, &c.”” 


jan marks. 


Marks III and converted IV. 
All marks, 


Digitised by the Vickers MG Collection & Research Association 


or 


3 


Taste V—continued. 


i 


Component. Special or Common. 
Serews— | 
Sight, dial— Common to— 
Fixing .. a oe AS z 
Pivoting .. ee ia be } All marks. 
Spring— 
Sight, aperture .. sis ae Marks I, I*, and III. 
Trap, butt plate aa oe Marks I* and III, and I and con- 


Sight, back an on 
Bracket, swivel butt .. 


Swivel .. is mts 

Windgauge, backsight .. 
Sear .. ee ve ie 
Sight, aperture ot 56 
Slide, backsight <e a 
Springs— 


Auxiliary, platform, magazine 


Catch, slide, sight, back .. 


Extractor .. ae os 
Guard, hand, rear, double 
Main a ee an 
Platform, magazine oe 
Retaining breech-bolt .. 
Screw— 

Band, inner ee 76 

Windgauge, backsight .. 
Sear.. o o . 
Sight— 

Aperture... ee ee 


Back .. oe oo 


Dial +e oe oe 
Trap, butt plate .. ve 


Stud, fore-end .. os 

Windgauge, backsight .. 
Stocks— ; 

Butt (long, normal, or short) 

Fore-end .. oe ee 


Striker an oe oe 
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US 


verted II when fitted with brass 
butt plates. 

Marks III and converted IV. 

Marks I*, converted II*, ILI, and 
converted LV. Sameas “ Screw, 
strap, butt plate, iron.” 

All marks. 

Marks III and converted IV. 


All marks. 
Marks III and converted IV. 
All marks fitted with the No. 2 


magazine. 
Marks III and converted IV. 


All marks. 


Marks III and converted IV. 
All marks. 


| Special to Mark III, but may be 


used to replace similar spring in 
Marks I and 1*, 
Common to— 

Marks III and converted IV, but 
may be used to replace similar 
spring in all other marks. 

All marks. 

Marks I* and III, and I and con- 
verted II, when fitted with brass 
butt plates. 

All marks. 

Marks III and converted IV. 


Marks I* and IIT. 

Special to Mark III; may be used 
for converted Mark IV, if re- 
quired. 

Common to— 

All marks. 
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Table V—continued. 
cea 


Component. Special or Common. 
Studs— Common to— 
Clip, stop, magazine ve nf All marks. 
Fore-end .. + we at All marks fitted with stud and 
spring. 


Swivels — 
Band, &e. .. se es is t 
Piling & ie Gi ne All marks. 


Marks I, I*, and converted II, 


Trap, butt plate 5 ve es 
fitted with a No. 2 butt plate, 
and III. i 

Trigger ce “. Ee All marks. 

Wad, bolt, stock $e J Marks I*, and converted II*, III 


and converted IV. Also Marks 
I and II when fitted with brass 
butt plate. / 

Washers— ; / 

Bolt, stock .. B is ae j 

Guard, hand eo ss es All marks. 

Pin, axis, backsight ; 

Screw, fixing, dial sight (and nut, 
screw, protector, backsight) .. All marks, but in Marks IIT and 

conyerted 1V one additional for 

| “ Washer, nut, screw, protector, 

; backsight.” 
Spring, band, inner of -» | All marks. 


Windgauge, backsight ce é 
Worm, fine—-adjustment, backsight }Mtarks FIT and converted LV, 


j 


if 


TABLE VI. 


List of Components of Rifle, Short, Magazine, Lee-Enfield, 
converted (Mark IV), which differ from those of Mark III. 


This Rifle is-converted from Rifle, M.L.E., Marks I and I*; 
and M.L.M.,; Marks II and II*. Its weight i is 8 lbs, 144 ozs., 
and it is the same as the Mark III arm in all details, the 
following components excepted :— 


Component. Remarks. 
Body .. ve ee ee .. | Special to converted Mark IV. 
Bolt, stock .. Ae ‘as -. | Same as M.L.E., No. 2. 
Cut-off ia ae we -. | Converted, and common to all short 
rifles. 
Disc, marking, butt .. ote -. | Omitted, Marking on strap of butt 
plate. 


Pin, axis, trap, butt plate .. --/| Same as M.L.M. 

Plate, butt .. ba e- ~se. | Same as M.L.M., Mark IT. . 

Rivet, fore-end ve x0 +.» | Same as M.L. M. Not removed on 
conversion. 
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Tarne Vi—continued. 
anne 


Component. | Remarks. 


Screw— 
Disc, marking, butt F 
Guard, trigger, back is 
Spring, trap, butt plate . 
Spring, sight, aperture 
Strap, butt plate,iron . 


A Omitted from converted Mark IV. 
* t) | Ugame as M.L.M, 


- | Also ‘sed for ‘ Bracket, swivel, 
butt,” in short rifles fitted with 
that component. 

Spring— 

Sight, aperture . 
Trap, butt plate . 


} Same as M.L.M,. 


Stock— 

Butt A ee ate .. | Same as M.L.E.R.S., converted, 
Mark I1*. 

Fore-end .. ee Mis .. | Special to converted Mark IV. 


Rivet and two washers, instead of 
screwed pin as in Mark III; 
interchangeability of fore-ends 
not affected. 
Trap, butt plate ve an .. | Same as M.L.M.R., Mark II. 
Washer, rivet, fore-end .. .. | Same as M.L.M. Not removed on 
conversion. 


1a ane eR an 


Taste VII. 


List of Components of Rifle, Charger-Loading, Magazine, 
Lee-Enfield (Mark I*), showing, which are special to this 
Rifle, and which are common to other arms. 


This rifle is converted to Charger-Loading from Rifles, 
Magazine, Lee-Enfield, Marks I and I*; and Lee-Metford, 
Marks Il and I1*. Average weight of rifles, 9 lb. 5 oz. 


pO 


Component, Special or Common. 
Bands, lower, M.L.M.R., IL ..- | Common. 
Barrels — 
M.L.M.C.L.R., IT.. ws .. | Special to M.L.E.C.L.R., I*, that 


have been converted from 
M.L.M.R., II and II*. 
M.L.E.C.L.R. I* .. is .. | Special to M.L.E.C.L.R., I*, but 

: will be found in M.L.M.C.L£.R., IT, 
that are re-barrelled with barrels 
having “ Enfield” rifling. 
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Taste VII—continued. 


t 
| 


Component. Special or Common. 
Beads, __ pointer, dial __ sight, 
M.L.M.R., IT ee « | Common. 
Beds, backsight, M.L.E.C.L. R, I*, .. | Special to M.L.E.C.L.R., I*. 


Blades, foresight— 
M.L.M.C.L.B., 10) Ge 


M.L.E.C.L.R., I*.. BE 
Bodies, M.L.E.C.L.R., I* 


Bolts— 
Breech— 
M.L.E.C.L.R., I* ° 
Stock, M.L.E., No. 2 ee 
Caps, nose, M.L. E.R. 
Cases, magazine, M.L.E.R S., if No. 2 
Catches— 
Magazine, M.L.M.R., II.. 
Safety, M.L.M.C.. i 
Clips, stop, magazine, M. L. E. R.S., ae 
Cocking pieces— 
M.L.M.C. .. qe 
Collars, screw, sci trigger, front, 
MLM... 
Cut-offs, M.L.E.R. S., : 


ee oe 


Extractors, M.L.E.R.S., I 
Guards— 
Hand, M.UL.M.R., IT oe 
Trigger, M.L.E.C.L.R., I* 
Heads— 


oe oe 


Breech bolt, M.L.E.C.L.R., I* .. 
Screw, windgange, backsight, 
M.UL.E.C.L.RB., I 
Leaves, backsight, MLECLR, If 
Nut, clamping, slide, backsight 
M.L.E.C.L.R., I* .. we 
Pins— 
Axis— 


Backsight, M.L.M.R. .. 

Trap, butt plate, M.L.M. 
Catch— 

Magazine, M.L.M. 

Safety, M.L.M.C. 
Fixing, head, 

M.LECLR., 
Stop, band, lower, M.L.MR. 
Trigger, MLM. 

Plates— 

Butt, M.L.M.R., IT * 
Keeper, stockbolt, M.L.E.RS., fs 
Sight, dial, M.L. M. R., II 


screw, windgauge, 
a 


Special to M.L.E.C.L.R., I*, fitted 
with barrels having “Metford”’ 
rifling. 

Special to M.L.E.C.L.R., [*. 

Special to M.L.M.C.L.R., II, and 
M.L.E.C.L.R., I*. 


Special to M.L.E.C.L.R., I*. 


es 


Common. (Newly manufactured 
cut-offs, t.¢., not converted, are of 
M.L.E.R.S., I* or ITI, pattern. 


Common, 


Special to M.L.E.C.L.B., I*. 


LU —-~,- —- - ee 


Common. 


—1- —Y 


Special to M.L.E.C.L.R., 1*. 


] 
{ Common. 


j 
i 
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Taste Vil—continued. 
per nan a) BAe ei eee win en een ae 


Component. | Special or Common. 


Platforms, magazine, M.L.E.R.S., I } Commo 
Pointers, sight, dial, M.L.M.R., fL4 a 
Protectors— 

Foresight— 

M.L.M.C.L.R., IL He .. | Special to M.L.E.C.L.R., I*, fitted 
with barrels having “ Metford ” 
rifling. 

M.L.E.C.L.R., I* A .. | Special to M.L.E.C.L.R., I*, with 
| barrels having “ Enfield” rifling. 
Rivets— 

Fore-end, M.L.M.. ae 
Spring, handguard, “ML. aed 
Screws— 
Band, lower, M.L.M.R., IT yf 
Bed, backsight, M.L.M.R. “ee 
Cap, nose, M.L.M.R. ve cr ie 
Cut-off, M.L.M. : i 
Fjector, M.L.M. .. 
Extractor, M.L.M. 
Guard, trigger— 
M.L. 


Common. 


Re ae 


Back .. oe 
Front .. an 
Keeper, striker— 
M.L.M.C. 
Plate, butt, iron ioe: HA 
Protector, foresight, 
M.L.E.C.L.R., I* Fe As 
Sear, M.L.M. os ne 
Sight— 
Aperture, M.L.M.R. .. ie 
Dial, M.L.M., fixing .. ala | 


pecial to M.L.E.C.L.R., I*. 


ERTS Nv 2 ip) ree SS 


43 pivot 
Spring— Common. 
Sight— 
Aperture, M.L.M. .. as 
Back, M.L.M. : 3% 
Trap, butt plate, M.L. M. OREN * 
Stop, slide, backsi ght, 
MLECLR., ‘Si . Special to M.L.E.C.L.R., I*. 
Strap, butt plate, iron : | C 
Swivel, piling, M.L.M.R.,ITT.. Cain 
Windgauge, M.L.E.C.L.R., I* .. | Special to M.L.H.C.L.R., I*. 
Sears, M.L.M.R., IT.. sia re 
Sights, aperture, "M.L.M.R.. phe pigs 
Slides, backsight, M.LECLR., 1* Special to M.L.E.C.L.R., I*. 
Springs— 
Auxiliary, “Re magazine, | )} 
M.L.E.RS., 1, No.2 .. “ 


Extractor, M. inf M. ie Lo 
Guard, hand, M.L.M.R., re ' ommon. 
Lower ts He 
Upper .. i 4 Be 
(4148) v 
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Taste VII—continwed. 


Sight— 
Aperture, M.L.M. 


Component. Special or Common. 
Springs— 
Main, M.L.M. .. aie fa) 
Pin, catch, safety, M.L.M LC. : 
Platform, magazine, M.L.E.R.S., 1 | 
Retaining, breech bolt, M.L.M .. 
Sear, M.L.M. te is & Common. 


Back, M.L.M.R. 
Dial, M.L.M. . 
Slide, backsight, M.LEOLR., I* 
Trap, butt plate, M.L.M.. 
Windgauge, backsight, 
M.L.E.C.L.RB., 
Stocks— 
Butt, M.L.M.R., II, No. 2 (ong 
normal, or short) < 
Fore-end, M.L.E.C.L.B., Ts 


Strikers— 
M.L.M.C. .. ae 
Studs— 
Clamping, slide, biaaa ts 


M.L.E.C.L.R., I* 

Clip, stop, magazine, M.L. ER. s., I 
Swivels— 

Band, M.L.M.R., II ss 

Butt, M.L.M.R. ae 

Piling, M.L.M.R.,II .. 
Traps, butt plate, M.LM. R., IL 
Triggers, M.L.M.R., IT 


Wads, bolt, stock, M. L.M. als 
Washers— 

Bolt, stock . 

Guard, and, or “yivet, ‘fore- oy 

MLM. 

Screw, fixing, dial sight, MLMR. 
Windgauges, bite br ik 

M.L.E.C.L.R., I*. oe ee 


y) 
Special to M.L.E.C.L.R., I*. 
Common. 


Special to M.L.E.C.L.R., I*. 
Common. 
Special to M.L.E.C.L.R., I*. 


Common. 


Special to M.L.£.C.L.B., I*. 
> 


| 
$ Common. 
| 
1 


J 
Special to M.L..E.C.L.R., I*. 


SY 
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APPENDIX Iz. 
CANADA. 
Ross Rifle, Mark II, *303-cinch, 1907. 


The action of this rifle is a modification of the Mauser. 

The barrel (6) has a reinforce over the chamber, and is Barrel. 
secured to the body (24) by a coarse left-handed screw-thread. 
The rifling consists of four concentric grooves with a right- 
handed twist of one turn in 10 inches. 

The foresight (2a) is a barleycorn dovetailed into a sleeve on Sights. 
the barrel, and protected by a hood (2). 

The backsight, Mark ILI, consists of a (J-shaped leaf (10), 
hinged at its front end to a ring called the sight leaf base, 
which surrounds the barrel. ‘Two index slides, right and left, 
graduated from 100 to 2,200 yards, rest in a groove on the 
sight leaf base, and are supported iu rear by slots in another 
ring, called the sight base ring. ‘The height of the backsight 
leaf is regulated by the sight slide (12) which is mounted on 
the index slides, two horns on the sight slide bearing against 
the cam-shaped sides of the backsight leat and thus giving the 
necessary elevation. Fine adjustment is obtained by the 
forward or backward movement of the index slides which carry 
the sight slide, and thus raise or lower the backsight leat. 
The index slides are surrounded by a divided ring, the two 
parts of which are called the micrometer cams. The front edge 
of this ring is cam-shaped, and engages a projection on the 
right index slide in such a manner that the index slides are 
carried forward and back by the revolution of the micrometer 
cams. Another ring, called the micrometer thimble (9), 
revolving freely round the sight leaf base, engages the micro- 
meter cams, and is graduated on its rear edge from 0 to 100, 
each graduation representing 10 yards of range. The revolving 
of the micrometer thimble revolves the micrometer cams, and 
thus moves the index slides. The backsight leaf is provided 
with a windgauge and a scale is marked on the leaf, each 
division of which represents roughly 4 inches per 100 yards. 

The body (24) is screwed to the breech end of the barrel. Body. 
Openings are provided on the top for the insertion of the 
cartridges, and at the bottom for the magazine (18), pawl (32), 
and sear (29). Inside are cut ribways to guide the bolt 
sleeve (25) and resisting shoulders to take the lugs (24a) on 
the bolt, and lock the rifle during discharge. The cam-shaped 
faces of the shoulders allow a rearward movement of the bolt 
during primary extraction. On the left are a slot for the ejector 
and ejector spring, a slot for the bolt stop, and a recess in 
which the safety catch (26) engages. Underneath are two 
bosses to take the sear pin and ejector pin. A cam pin in rear 
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of the barrel thread gives the first turning movement to lock 
the bolt when closing the breech. 

Attached to the body is the trigger-guard (20). 

The bolt sleeve (25) acts as a carrier for the bolt action. Its 
rear end is bent to form a handle, and is recessed to take the 
safety catch (26). Two ribs are formed to travel in the 
ribways in the body, the left rib having a lug at its front end 
to engage with the stop bolt. On the upper side are undercut 
grooves for the extractor (25a), and on the underside are two 
longitudinal ribs. A slot is cut at the rear end to guide the 
cocking piece. The inside is prepared with spirals similar to 
those on the bolt, which cause the turning movement necessary 
to lock the bolt. 

The bolt (24a) and bolt-head are in one piece, hollowed out 
to take the striker (43) and mainspring (44). Lugs on its 
front end engage with the resisting shoulders of the body to 
support the bolt on firing. The front face of the smaller lug is 
cam-shaped to effect primary extraction, the rear face of both 
lugs being similarly cammed to allow of this movement. Two 
spiral ribs (24b) give rotary movement to the bolt when 
actuated by the grooves in the bolt sleeve. the threads of the 
ribs and grooves preventing any tendency of the bolt to turn 
during the opening or closing of the breech. Two short spirals 
are formed at the rear end of the bolt, which, coming in contact 
with opposing faces on the bolt sleeve, ensure the threads of the 
long spirals correctly engaging those in the bolt sleeve. A cam 
slot is cut on the front end of the bolt to operate the ejector. 
The face of the bolt-head is recessed to centre the cartridge. 
The rear edge of the bolt-head is cammed in order to tighten 
the grip of the extractor on the cartridge while the bolt is being 
unlocked. There is a gas escape hole underneath the bolt-head. 
The interior of the bolt has a shoulder to engage the collar of 
the striker, and is threaded at its rear end to receive the main- 
spring retainer, a groove being left for the nib on the washer 
which secures the latter. 

The mainspring (44) consists of 53 coils of °082-inch wire, 
set to a length of 73 inches. , 

The striker (43) passes through the bolt, and is provided 
with a collar for the mainspring to bear against. Its rear end 
screws into the cocking piece (27). It is prevented from 
unscrewing by two flats cut on the threads, against one of 
which the cocking piece plunger bears. 

The cocking piece (27) is prepared to receive the striker. 
Externally it is cut away at the front and rear ends to form 
seatings for the safety catch (26). A pointed pin, called the 
cocking piece plunger, is screwed into the left side. This 
plunger engages one of the flats on the striker. A projecting 
rib on the underside of the cocking piece travels along the slot 
in the bolt sleeve, and keeps the cocking piece from turning. 
On this rib is a bent to engage the nose of the sear (29), and 
hold the striker at full cock. 
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The safety catch (26) consists of a bolt with a milled knob. Safety oateh, 
The safety catch plunger, actuated by its spring, engages two 
grooves, cut transversely, in a flat on the underside of the 
safety catch, to prevent accidental slipping of the catch from 
the locked and unlocked positions. On the rear surface is a 
cam which engages the front of the cocking piece, and with- 
draws the bent from the nose of the sear when the action is 
placed at safety. The right end of the safety catch is cut so as 
to come flush with the bo!t sleeve when assembled, and the left 
end acts as a locking bolt by engaging with a flat in the body, 
and thus preventing the opening of the bolt when set at safety. 

The ejector is a flat piece of steel working in a slot in the Hjector. 
left of the body. A spring presses its point inwards towards 
the bolt. Itis withdrawn when the rifle is being loaded by the 
action of a cam on the left side of the bolt, but its pointed front 
end intercepts and ejects the empty case when the bolt is 
withdrawn. 

The extractor (25a) is a steel claw with a lug on its under- Bxtractor. 
side to engage the rear edge of the bolt-head and take the 
resistance during extraction. This lug prevents the extractor 
dropping out when the bolt is not in the rifle. Two undercut 
grooves on the upper surface of the extractor secure it to the 
bolt sleeve. It also prevents the bolt-head from turning 
beyond its pathway when the bolt lugs are unlocked. The claw 
springs over the rim of the cartridge when the bolt is closed. 

The sear (29) is a triangular piece of steel fitting inside the Sear. 
pawl (32), to which it is attached by a pin. It carries the 
trigger on an axis pin, and is recessed for the sear and pawl 
springs. Its rear angle forms the nose to take the bent of the 
cocking piece. 

The pawl is a triangular piece of steel recessed to form a Pawl. 
seating for the pawl spring. 

The trigger (22) is a bent lever pivoted to the sear. Its Trigger. 
long arm forms a finger grip, and its short arm bears against 
the bottom of the body to lever the sear from the cocking piece 
when the trigger is pressed. 

The magazine (18) is a vertical box enclosed by the stock Magazine. 
and fastened to the trigger guard by two screws. The front 
end is left open to allow of the movement of the lifter (14). 

The lifter (14) is a long steel bar working inside the Lifter. 

magazine, with the magazine platform riveted to its rear end. 
It is situated below the barrel and is pivoted to the stock at its 
front end. A finger piece (15) rivetted to the centre projects 
from the right of the stock, and enables the lifter to be worked 
up and down against a spring (16). 

The cut-off is a steel stem, with a hook (21) for the thumb, Cut-off. 
passing behind the magazine and through the top of the trigger 
guard. A projection in front forms a bent, which, engaging in 
a slot in the trigger guard, holds it in the downward position. 

A projection in rear forms a seating for the cut-off spring. 
The top of the cut-off has two horns which lie over the 
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magazine platform, and are kept in place by slots in the rear 
end of the magazine. 

The bolt stop works in a seating on the left side of the body. 
It intercepts the lug on the front end of the bolt sleeve, and 
prevents it being withdrawn until the bolt stop is pressed down. 

The trigger guard (20) is of the usual shape and is screwed 
to the body. It forms the base of the magazine. In front of 
the trigger bow a swivel (19) is pivoted. 

The butt plate is secured by two screws. The hole for oil 
bottle and pull-through is closed by the butt trap with spring. 

The front band (8) slips over the barre], and is secured to 
the stock by a screw. A bayonet stud (4) and piling swivel (5) 
are screwed to the underside. The rear band (7) encircles the 
front handguard and stock, and is secured by a screw. 

The stock is of walnut, in one piece, and is grooved to take 
the barrel, body, and magazine. It is hollowed at various 
portions for lightness. The usual clearance is provided for the 
barrel, and the butt has a pistol grip, a hole for the oil bottle 
and pull-through, and a swivel on the underside. 

On drawing back the bolt sleeve a rotary motion is imparted 
to the bolt by means of the spirals, and the bolt is forced back 
by the cam of the small Iug bearing against the body, thus 
effecting primary extraction. When the lugs on the bolt 
become disengaged from the shoulders on the body the threads 
on the bolt and sleeve engage, thus transferring the weight of 
the mainspring to the latter. On further drawing back the 
bolt the extractor draws back the empty case; the turning of 
the bolt causes the extractor to grip the case more firmly by the 
action of the cam on the lug of the extractor, and the projecting 
rims of the bolt-head prevent the case from falling away from 
the extractor claw. The ejector then intercepts the case and 
throws it out to the right. At the same time the cocking piece 
and striker are withdrawn by the sleeve, and the mainspring is 
compressed by the locking of the threads on the bolt and sleeve. 

On pushing forward the bolt and sleeve the nose of the 
sear engages the bent of the cocking piece and takes the weight 
of the mainspring, and a cartridge is pushed into the 
chamber. The cam pin of the body turns the threads of the 
bolt from those of the sleeve and the bolt is locked by the 
spirals of the sleeve, the cocking piece and striker being held 
by the sear. 

On pressing the trigger the sear is released, the cocking 
piece and striker fly forward, under the action of the 
mainspring, and fire the cartridge. The pressing of the 
trigger allows the pawl to rise and prevent any movement of 
the sleeve at the instant of firing. When the trigger is 
released the pawl returns to the normal position. 

The action can be locked in the fired or cocked position by 
pressing the safety catch to the left. 

The magazine can be filled by depressing the finger-piece of 
the lifter. 
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“ Colloidal” propellants .. OF of ae in a <0) 1200) 
Colt, Colonel cs ay 35 ge Rte oe we «. 19, 148 
Colt’s automatic pistol .. ae ls ore i oe ae flag) 
x» Tew service revolver res iid we Me af oa 150 

», single action revolver sis ate a Hie a 149, 153 
Committee on magazine rifles .. in oe ee “e ve 23 
Components, comparison of ha ee A AF e -. 104 
rf numbering of es ce fe AP us ise ie 
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Pact 
Components of rifle, short, magazine, Lee-Enfield, Mark III ee 261 
? ” ” ” IV oe 254 
. charger- loading , magazine és +e as) 700 
Compound bullet, definition of .. an a is ie ie 4 
Major Rubin’s ie os ie ae 1 23 
Conditions to be fulfilled by a magazine rifle .. “ss ae ah 29 
Controlled platforms, magazines with .. di ‘ or} 28 
Coote Manningham, Colonel, “ Rifle Brigade,” suggested by. ‘ és 8 
Cordite cartridges, introduction of : an ‘ ws 24 
» composition of .. ie ae As Ae he Pi 176 
Crimea, Enfield rifle used in... a ts te i es 12 
5,  Minié rifle used in ve ae se e Ae a 11 
Cross-section area of projectile .. He Ge ae is Be ata 
Crusher gauge, coppers .. ay te ie ie an “ie 204 
Cylindro-conoidal bullet .. aie ve he ie fe We 9 
D. 
Danish troops, armed with rifles 17th century.. an ve se 6 
Davidson, Colonel .. os Ne ie ae ne Aa oe 9 
Definitions .. as we ae ge a ae ne tie 3 
Delvigne, M. : ea ty: te os is 8 
Denmark, Krag- Jorgensen, “8 mm. ie es ve BP MEGS bse 51 
Density of the atmosphere we an oe a oe ele 
>» » loading... HA oe a vs 201 
Departure, angle of, definition etl : +e +e a a ve 198 
Descent an ap ee 5 oe we 198 
Details of automatic pistols ib es ve a der L698 
Double barrel rifles, lateral movement of when fired .. Wer be 
» loading re aig py a a oa ve ai 114 
Dreyse cartridge .. we ars Oe ae re ee ee AO 
» needle gun .. Hf la ite We ae BY 14 
Drift of bullet, definition of bs hfe ne Be oe .. 240 
a . +e oe Ao an we te 240 
KG Milow nace for. i ae by 2 R4 AP ie Us 111 
Drilling we *e Me is ie Ve ie a Be a 17 
Drop forging He ifs Ap us ae Sen engl 
Durability of magurine rifle vs oe ie Se ee Pea pat 6) 
Dynamite .. ; ee ve +e A xe «es eS: OAD) 
E. 
B.C. sporting powder . “8 ae By Oday Pitas aby! 
Elevation, allowance for 303- inch PS ge of pe Pt aie ee eukee 
“a angle of.. i is ve pe os 1938 
Energy or kinetic energy, definition of on ae s eles 
Enfield-Martini, introduction of . me “es See ie os 18 
es revolver ave o* va ai “% a as 149 
5 rifle, introduction ‘of ’ ris its i tie 11 
»  vifling (*303-inch), introduction of fie ie ay Ae 25 
Enlargement of bore, cause of .. os we ie cs Ariat 15. 
Erosion caused by use of cordite.. os +. +. we we 176 
», in Lee-Enfield rifle, progress of . ue <a ay We 137 
Expanding bullets .. a ae AA ‘te 146 
Expansion of ball by blows with reamrod.. is 5 Ne di 8 
cup in base.. Sy) oe xe os ae 9 
Explosive effect of iielletwa, es ft te 34: ee oe 144 
Explosives .. ih os ae as se a ae sane te 
Extraction, primary ee os +e a + a oe 4, 
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Page 
Ferguson, Lieut.-Colonel Patrick. . oe Pa a nis i 14 
Figure of merit .. 137 

Figures of merit obtained “from Lee-Enfield barrel after each 1 000 
rounds, up to 12,000. we ne ie = fe 137 
Flight of musket ball, erratic .. Gs as ats és cs ie 
» _ Yifle proj ectiles .. se Se ce i % 
Flintlock rifle Be ee oe 2) sts Ee as iG 8 
Force, definition .. Re ais Se hy ae wi 196 
Fore-end, manufacture oe. oe te p Bs ws Aree 6) 
Foresights ae ie ve ae fs ate oe EE <2) 106 
Forging... sf at opti 
Forsyth, Mr. (inventor of percussion principle). aie te a its 8 
Fouling, difficulties arising from .. c a oe of a 8 
France, "carbine, Samm, i) 15 aie 3 ie Se es ne 60 
» Lebel, 8 mm. ve ae aa ie Ae 55 
French infantry first armed with rifles . ae is ve 5 as is 


»» Marine Infantry, Kropatschek rifle for. . a ie bia 21 


G. 
German Mauser, and commission rifle of 1884.. ag: tie ra 21 
Germany, Mauser 7°9 mm. an an ar ws de oe 42 
Gravity, action of .. 7 e te 220 
Great Britain, rifle, charger-loading, M.LE., 1907 a Hy Be: 60 
»» short, Lee-Enfield, Mark III, 1907 Je es 67 
Greener, Mr., award to .. =f le oe wa 9 
Greener’s carbine sie oe sia Ap 3% oe Ka E* 15 
Grose, Mr. . ve EG df cs us at ae xe 7 
Guncotton .. x s ee Se ae ss 1 cat ele 
Gunpowder (historical) fe es ole ay se mice al 
Gustavus Adolphus, King of Sweden |, ee +e ric Ah jalitel 

H. 
Hague Convention .. ve ee as ee 33 ats -» 146 
Hall and Sons, Messrs. .. He te ae Ria te voy dare 
Handguards... te me ‘. « 1g 
Handiness of Magazine rifle, necessity for se me «es +. 30 
Hardening and tempering... a oe oie 128 
4 barrels, Marcotty and Russian aystems” es a ag 105 
Harris magazine .. ee A ae oF ete ie es 28 
Henry, Mr. . oe ee os oe ate ws ae 17 
»  Tifle (repeater) Me oe ae ia Be a Ay 19 
Holden, Colonel H. C. L. .. ae as be we de jell! Zi 
Holland, Mannlicher carbine 65 mm. .. ae ee a ia 7 
55 st rifle 6°5 mm. te An be Pas Be 71 
Hollow-based bullet ae ash i of ES oe a 10 

nie 
Influences affecting the bullet after it leaves the muzzle fs in (208 
Interior ballistics .. “8 it co ol planes 
- Inspection of *303-inch rifles, outlines of ae ea ee i ee 
Italy, Mannlicher Carcano carbine,6°5 mm. .. ie te 3 84, 
35 55 oe rifle, 65 mm, fe a un ce 80 
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J. 
Paat 
Japanese cartridge case .. on oe an An o ve no 
Japan, year 38th Calas rifle .. is ‘ ae iis vs 8h 
Jarman rifle. . He ie ce ne na i 24 
Jump ihe a ve ie Ws Hi 0 va oe 
7 definition of . c Ae ste ie “i te id 106 
» sighting affected by.. de ne ae we He an 134 
5, method of calculating Ay & 4 aa BS We 230 
K. 
Kaffir War (1846- Sic ce Lancaster rifle used in us is a 11 
Kick .. Ai wa a se ie eeereOe 
Kieselguhr .. ea Nie as as ws is De fal oh et 
Kinetic energy... ie ap 5a ifs + oe wats 28 
Kollner, Gaspard .. a te oe +e an ee va 6 
Kotter, "Augustus te ee ws Ey. re is ike 6 
Krag- Jorgensen, 8 mm., Denmark +e sa v3 te $5 51 
magazine. . es ee os a Po he 28 
Krnka quick- -loader bes A vs og ii Bt aa 20 
Kropatschek rifle .. +e ee +e an +e +e <r 21 
L. 
Lancaster, Mr. a os ki ay ie re te ihe 17 
4 rifle ch Pe a8 aM ee es ue is 11 
Lands, definition of ; ae Be Hg hes Ny “af 4 
Lateral vibrations, cause of ee ve Sy a aie Ree els; 
Lead, definition of . ie we Ae ue aps 4 
Leading prevented by paper on bullet .. a a ike we (LSS 
» or metallic fouling, definition of ys Be Ve ee 5 
Lebel, 8 mm., carbine se ae ne cit di bi ie 60 
A rifle oe ey Es Sm 55 
iy rifle Cina, 1886), imbroduction of Fel Ai Fa ds 22 
Lee-Burton rifle .. se ls Ne ie 23 
Lee-Enfield carbine, introduction, of ae ae te EE nee 26 
‘A rifle, charger-loadiny, 1907 . f ae a te 60 
3 3 Marks T and I*, introduction of oe ae a 25 
a » short, Mark TI, 1907.. ys ae aa te 67 
Me short rifle, “recommended for ‘trial . # se mC 26 
Lee magazine os fh Ne et ue 22 
Lee-Metford carbine, introduction of .. dic 4 He se 26 
a re rifles, introduction of an ee as te He 24 
Lee rifle .. ate 5 ve we we ise a Br 23 
Lenk, General von soa an a oe Se Be ee 173 
Lefauchenx system. . c ie ide 15 
Lightness and handiness of magazine rifles, necessity for ae 30, 104 
Line of sight, definition of vs ac Bs Se ry é 198 
Loading, density of a ah is “e sie st eon 
Locket, definition of be us 4 ae ag te 56 4 
Long range sights .. he a we a fe ae iG 110 
Lubrication of bullet de ac ae ts ee ih ac 188 
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M. 
Magazine rifle, application of term Wa 
S » earliest pattern used 3 Me 
* » Germany first to arm with oe 
Me » introduction of in England 
r rifles, review of principal systems 
Magazines .. ar ile we ic ie oe 
% advantages and disadvantages of various types 
As methods of filling +e o. we a 
types of slow loaders .. " 


Mallets to force ball into rifling .. fa we Ke 
Mannlicher carbines, 65 mm., Holland and Roumania 
iG Carcano carbine, 6°5 mm., Italy... 
” ” rifle, ” o hens 
43 rifles, 6°55 mm., Holland and Roumania 
i rifle, adoption by Austria .. 


i 55 és Germany .. sie 
Manufacture of '303-inch rifles .. ar 
Marines, musket for (rifled) a o. 


Mark, proof an ie 
Martini breech action ab 
»  -Henry rifle, issued for trial .. 


Me ‘i » particulars of vies ¢ 
Mauser automatic pistol .. +. He . . 

» carbine, Spain ., fe sf 5 ; 

»  Tifles ae oe he : a é 
Maximum pressure, measurement of ,. vs 
Maximilian, the Elector .. ei is ae 


Merit, figure of .. . 


Metallic fouling, or leading ne af om 

a »» Increased by erosion .. es f 
Metford, Mr. Ay # fk oe M ; 

a rifling, ‘303-inch bore .. a ee 5 

Milling a ty $0 ra 
Minié, Captain i A vs os 

», Tvifle, particulars of.. He fie 
Momentum, definition .. kis ‘ . 


Movements of the rifle on firing .. 
Masket, 1842 pattern es 


Muzzle blast oe 
» enlarged .. Ae a 
4 ovelocity...°;. in be in 
st » how to find 
N. 
Nagant revolver .. «s 
Napoleon, trial of rifle by .. ae se aa vs 


Navy, short rifle for os te is a 
Needle gun, adopted by Prussia .. ‘ “ 
Nitro cellulose an te sts 

» glycerine .. “i ie 
Nobel, Mr. Alfred .. i is 
Norton, Captain .. ee ve +e as 
Norway and Sweden, Jarman rifle adopted by .. 
Numbering of components of rifles .. oe 


oO. 
Owen-Jones rifle .. 


13, 16, 17 
Sead 

123 
iN 9 
si ee 
. 198 
132, 208 
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ses 
Paan 
Pauly, M. te +e es AN 15 
Pellet (powder) for small bore rifles... ve a i .. 22, 24 
Percussion principle fe ue ar Se fi ee ae 8 
Plane of sight, definition .. ae os Pe ve ae i 1938 
Poncharra, Colonel ae Ag ne Ay 3 re 9 
Pressure barrel. ots +e vs ale se ne -. 205 
a governed by. A ye oy ie is ses tae?.0. 0) 
Pressures of ‘303-inch cartridges Om a ee sero eeeha 
Primary extraction A os ag vs ie “s -» 4, 112 
Pritchett bullet .. : ie a) le oe 12 
Projectile, cross section area and shape of ws i ie Abelian HF 
7 steadiness of Bee se we ai AG we Heine 
Proot oh “i te bf a as ea Poach, 
peu omaankk |. /, ha fe as se Pt be Be en et Vf 
Propellants .. ‘ af a te te ifs o ian oe ire 
ny colloidal ae ie Ap on Re ye oe 200 
4 times of burning .. Ses ifs uae ae 200 
Purdey rifle cs an os i i +e 11 
Puységur, Marshal _ ie Ate . ae te AG 6 

Q. 
Quick-loader, Krnka Ai ue sek Mirae tis Ne ile 20 

R. 
Ramming of ball in muzzle-loaders ve ee oe ie . 7 
Range, definition of if! de “is «« 198 
Rapidity of fire with magazine rifle, conditions i ae he te 30 
Rate of motion across line of fire es si +e +e +e 141 
Recoil 6 si aie ia i an se aie Arr. lc, 
» how toestimate .. f te 5 209 
» ofa 12-bore shot-gun i Ue ota 210 
Remaining velocity, definition .. ve + Fein, ASS 
i of *303-inch bullet . Ke os a 4 235 
Repeating rifle, application of term as ve oe 20 
es rifles .. ee ve +e oe : . 19 
Resistance of the air Bn ee we : +e +e Pee Alf 
Retaining bolt as AY is we a ws ae Bethy ani 5 
Retardation, definition Me : ‘ ve 196 
Revolvers .. ‘ ; oo ve 148 
“Rifle Brigude ” raised. ook 8 
Rifles and carbines of the British Service, table OL has oe ae 248 
»  charger- in magazine, Lee-Enfield . 60 
M Fe, components, table of 255 
» history ‘and introduction of vs Aes 6 
», of large calibre (magazine arms), table of ne rie .. = 246 
5 » (single loaders), % ie at oe = 244 
Ke small » (magazine arms), ,, 250 
» short, magazine, Lee-Enfield, Mark IIT, componente, table of.. 251 
” Iv ” ” 254 
Rifle, use of, in Switzerland” .. ae i A “y as 7 
Rifling cutter box .. aie ee ue és id +e ery fee 
» definition of sin ies Me ie = ee ‘sg 4: 
;, introduction of .. ie te te me is ae 6 
Rigby, Mr. .. as a “ ae sie ee He e 17 
Robins, Benjamin .. Ph Ae oe es a a 50) 459 


Ross rifle, Canada .. se ie Hes ik ei is a 259 
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Rotary motion of musket ball .. 
Rotating bolts oe 


Roumania, Mannlicher carbine, 6 5 mm. 


“4 rifle, 6° 5 mm. 
Rubin, Major oe es 
» rifle, experiments with oe 
Russia, 3 Line, 762mm. rifle .. 
Rust in bore after firing nitro-powders 


8. 
Schénbein .. ee ee 
Schultze sporting powder te . 
Sears, Mr. .. as 
Sectional density, definition oe 


5 of bullets a 
Select Committee on Firearms (1824) 


‘Separation, definition of .. +e 
“Set” of barrel .. a . 
Shaping .. sa a An 


Sharp’s carbine .. 

Shooting affected by w orn barrel 
of rifles, notes on we 

Short Lee-Enfield sights .. ee 

rifle, Lee-Enfield .. . 


” 


. 
. 
oe 
. 


recommended for trial. 


Sighting "affected bi jump Ad 
Sights an + 
Silencers .. 


Small arm ammunition, chargers and clips 


Small bore, first modern . 


ee 


Small bore rifles of each Power, Table of 


Smokeless powder for small bores 
5 powders (historical) .. 
Smokeless powders—- 
Classification .. ve 
Drying .. a es ve 
Incorporation .. t's 
Manufacture .. +e ee 
Pressing . ee «6 


Smokeless powders, requisite properties ‘of: — 


Ease and safety of manufacture 
Freedom from erosive effects .. 


ee 


objectionable products of combustion 
High velocities with moderate pressures 


Physical properties s os 
Smokelessness  .. oe oe 
Stability .. oe 
Snap shooting, light rifle required for 
Snider rifle, adoption of .. as 
Sobrero os 


Solid drawn cartridge cases, introduction of 


Spain, Mauser carbine 70 mm. .. 


y rifle 7°0 mm. Ae 
Spencer rifle.. ea ee 
Spiral grooves, earliest known 4E 

Stamping 


-Steadiness of 1 flight of projectile . oe 


ee 


on hae tay oe - 
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Paan 
Stocks de ie i oe a ah “s AS ee W17 
Svamwood- Lor’. * ate ae es or ue Se 129 
Stopping power of bullets ee “e a te Bid ie Las 
Straight pull bolts . : ws os os os ae 112, 114 
Striking velocity, definition te ts ae ie ae ci 196 
Stripping, definition of .. oe os +. 58 sie a 5 
Surface of explosive exposed to burning an os pes ewe 0) 
Switzerland, Schmidt-Rubin 7°5 mm. rifle Ae hie aie we 4 
mn, 
Tamisier, Captain .. +. ve le x} ae ie o6 10 
Telescopic sights .. An +e oe Ne He ts Sey hile. 
Tenuity correction, table of A ve ws an fs see enLO, 
Terry’s carbine .. Py ay Me ts we we a 15 
Thouvenin, Colonel are fe Ab, oe Ne a: be 9 
Times of burning of explosives .. Wa an UE se ealereOk 
Time of flight of *303-inch bullet 3 se ie ac ie AeeBo 
Trajectory, the . vet ekoe 
s affected ‘by height of object i fired at above or below line 
of sight .. Ae BG 142 
3 calculating the oe bf a 234 
, effect of density of atmosphere on. +e as Se ee) 
ny flat, advantages of .. on a, Re wanes 0) 
method of calculating the ordinates FS ane +e +. = 234 
Tube magazines Bo an ws ve ste ve 28 
Turkey, use of Winchester repeater vale: a an an ve os 20 
Turkish Mauser, 7°65 mm. oe Fis ie ave vs 42 
Turning .. o oe an oe oe wer Gy ee 
Twisting movement of rifle de He we Ga ot: BUN: PAKS) 
U. 
Uniform velocity, definition oe a .s a Peyote 3: 
United States, short magazine, 7°62 mm. “ yifle oie nh we oH 99 
Upward movement of muzzle on firing . . ve ee Bie awec tel 
v. " 
Variable velocity, definition % ve ve ve me eek Ob 
Variations in rifles and cartridges oe +e Sa ie -. 184 
Velocity, definition oe repay hele: 
Velocities obtained from Lee- Enfield barrel when worn ot ee Lee 
i of °303-inch cartridges ae a an is 1. = 285 
Vetterli magazine system .. es we vs 4e a os 21 
Vibrations of the barrel .. at fe a ie He 132, 212 
Vibrations of :— 
German 1871 Mauser rifle, :433” bore Ne a ie tad) ee da 
Basis 4, i Dip ROMA cl aL a DA ina ie 
Lee-Enfield rifle . ay AG Se oe <e os «214 
Spanish Mauser rife .. Ag sie oe ae Be leo 2s 
SEE alee variation iy ae sid wa on ne a M6 132 
Vieille, M. .: se et st as ue ae AG 22, 175 
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Wads ae a ws ae a ae Bh Ke Vo Se 
Walton, Isaac ne a oe a we ve a | Laie 
G2) John a iva Ks “4 ae re " a TS 


‘Webley clip loader Ms «s ue os ais -. 160 
Webley-Fosbery automatic revolver. an ite fie a 268 
Webley revolver .. oe we a os oe Jah 8 shoe 
Westley-Richards backsight +e «s ae de BF Pe 12 
3 s; carbine be be 2s we ne the 16 9 
Messrs. he on ie fe Me br 17 
Whitworth, Mr. cts : ie ai wg .. 13, 175 
Bs ’ vifle compared with Enfield oe 3 Ae a 18 718 
Winchester repeater oe ote He os ie Be A 20151 
Wind, effect of .. on ef ate Aik is a .. 240m 
Windgauge backsights  .. ¥ a Be te A Paes |) 
Work, definition .. ry ne le +e nd -. 198s 
Wounding effect of bullets’ ae a3 Hi ais ie ve 148 


power of pistols by ne re Ae uf AO 
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kts MILITARY BOOKS, published by Authority—continued. 
_ Examination Papers—coniinued. 
_ RM. Academy, Fourth Class; and R.M. College, Fourth, Third, and Second f 
Divisions. July, Dec. 1904, June 1905, Each 1s. H 
R.M. Academy, Fourth Olass; and R.M. College, Senior Division. Dec. 1906, * 
June, Dec, 1906, July, Dec. 1907. Each 1s. : i: 
Staff College. Admission. May 1892, May 1894, Aug. 1906, Aug. 1907, Aug. 1908, j 
Each 1s, 
Regular Forces, Canadian Permanent Forces, Special Reserve of Officers, . 
Territorial Force, and Colonial Military Forces. Nov. 1905, May, Nov. 1906, 
May, Noy. 1907, May, Nov. 1908. Hach 1s. t 
Ditto. May 1909. 94. 
Militia, Imperial Yeomanry, and University Candidates. March, Sept. 1904, March, F 
Sept. 1905, March, Oct. 1906, March, Oct. 1907, March 1908. Hach 1s. q 
Special Reserve, Militia, Territorial Force, and University Candidates. Oct. 1908, 4 
March 1909. Hach 1s. 
E 
d 


/ 


, Officers’ Training Corps :— 
Oadets of the Senior Division. Certificate A. Dec. 1908. 64d, | 
Cadets of the Junior and Senior Divisions. Certificates A and B. Spring of : 
1909. 6d. . ; 
Foreign Languages. Modern. Oct. 1896, Oct. 1904, July, Oct, 1906, Oct. 1907, i 
July 1908, April, July 1909. Each 1s. 
‘ww. EXPLOSIVES. Service. Treatise on. 1907. 1s. 6d. : 
FIELD SERVICE. Manual for :— j 
Artillery, Field, Brigade. 18-pr.Q.F. 1908, 3d. ‘ 
Ditto. Ditto, (Howitzer) Brigade. 5-inch B.L. 1908. 3d, i : 
Ditto. Horse. Brigade. 13-pr.Q.F. 1908. 3d. : é i 
‘ Cavalry Regiment. 1907. 3d. (Under revision) we 
Engineers. Air-Line Telegraph Company. 1908. 3d. 
Ditto. Bridging Train, 1908. 3d. 
Ditto. Cable Telegraph Company. 1908. 34d. 
Ditto. Divisional Telegraph Company. 1908. 3d. 
Ditto. Field Company. 1908. 3d. 
Ditto. Field Troop. 1908. 38d, 
Ditto. | Telegraph Company on Lines of Communication. 1909. 34d. 
Infantry Battalion. 1908. 3d. 
Infantry. Mounted. 1899. 3d. 
Medical Service. Army. 1908. 4d. ‘t 
Post Office Corps. Army. 1888. 1d. (Under revision) i 
Ditto. Home Defence, 1893, 1d. \ 
FIELD SERVICE POCKET BOOK. 1908. 1s. 
FIELD SERVICE REGULATIONS. PartI. Operations, 1909, 1s. 
Ditto. Part Il. Organization and Administration. 1909. 1s. Re 
FINANCIAL INSTRUCTIONS IN RELATION TO ARMY ACCOUNTS, 
1903. Provisional. 64d. é (Under revision) ° 
_ FOREIGN LANGUAGES. STUDY OF. Regulations. Nov. 1909. 2d. : 
FRANCO-GERMAN WAR, 1870-71. ‘Translated from the German Official 
Account, Five vols. £6 11s. 6d. 
Also separately, in Volumes in cloth, Sections in paper covers, and : 
Plans unmounted :— as 
First Part—History of the War to the Downfall of the Empire— ee i 
Vol. 1 (Secns, 1 to 5), Outbreak of Hostilities to Battle of Gravelotte. £1 6s. Behe 
G Weorle (Out of print) 
is Vol, 2 (Secns. 6 to 9). Battle of Gravelotte to Downfall of the Empire. £1 2s, 


: (Out of print) 
Second Part—History of the War against the Republic— 

Vol. 1 (Secns. 10 to 18). Investment of Paris to Re-occupation of Orleans by 
the Germans, £1 6s. 

Vol. 2 (Secns. 14 t0 18), Events in Northern Francefrom endof Nov. In North- 
west from beginning of Dec, Siege of Paris from commencement of Dec. to 
the Armistice. Operations in the South-east from middle of Nov. to middle 
ofJan, £1 6s. ; 

Vol, 3 (Secns. 19 and 20). Events in South-east France from middle of Jan. to 
Termination of Hostilities. Rearward Communications. The Armistice, 
Homeward March’and Occupation. Retrospect, £1 11s, 6d. 


Section. ~ 
1, Eventsin July. Plan. 3s. See 
2. Events to Eve of Battles of Wérth and Spicheren, 3rd edition. 3s, F 
' LOMO at 
3. Battles of Worth and Spicheren. 8rd edition. 5s. Out of pri if 
4, Advance of Third Army to the Moselle, &c, 2nd edition. 4s. Out of print, mae 
5, Operations near Metz on 15th, 16th, and 17th August, Battle of Vionville— i 
esis Mars la Tour. 2nd edition, 6s, 6d. : (Out of print) 
(B 525) 5 
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ehOeT: _ MILITARY BOOKS, published by Authority—oontinned. 
' Franco-Germian War—continued. Ker 


- Section. : 
Bh s vie 6, Battle of Gravelotte—St. Privat. 5s. (Out of print) 
este 7, Advance of Third Army and of Army of the Meuse against Army of Ohalons, 
4 ee 65. * (Out of print) 
8. Battle of Sedan, 3s. - (Out of print) 


9. Proceedings on German Coast and before Fortresses in Alsace and Lorraine 

Battle of Noisseville. General Review of War up to September. 4s, 6d, 

10, Investment of Paris. Capture of Toul and Strassburg. 6s. 

11. Events before Paris, and at other points of Theatre of War in Western Franco 
until end of October. 5s. 3d. 

12. Last Engagements with French Army of the Rhine. Occurrences after fall of 
Strassburg and Metz to middle of November. 4s. 6d. 

18. Occurrences on Theatre of War in Central France up to Re-occupation of 
Orleans by the Germans. 6s. 

14. Measures for Investment of Paris up to middle of December. 4s. | 

15. Measures for Protecting the Investment of Paris and Occurrences before 

R French Capital to commencement of 1871. 2s. 6d. 
16, sar urrae of Second Army from commencement of 1871 until the Armistice. 
s. 6d. ; 

17. Proceedings of First Army from commencement of 1871 until the Armistice. 3s. 

18. Occurrences on South-eastern Theatre of War up to middle of January, 1871. 
Events before Paris from commencement of 1871 to the Armistice. -8s. 

19, Occurrences on South-eastern Theatre of War from middle of January, 1871. 
Proceedings in rear of German Army and in Coast Provinces, from Noy., 
1870 until the Armistice. 13s. 6d. : 

20. General Retrospect of War from beginning of Sept., 1870, to Cessation of 

Hostilities. Armistice and Peace Preliminaries. Return of German Army 

and Peace of Frankfort. The Occupation. The Telegraph, Post, Supply 

of Ammunition, Commissariat, Hospital Service, Divine Service, Military 

Justice, Recruitment, and Home Garrisons. Results. 5s, 


Analytical Index. 1s. 6d, 


Plans— 
4, Battle of Oslo er ney. 3d. : 
5a. Battle of Vionville—Mars la Tour. Position of Contending Forces at Noon, 8d. 
bz. Battle of ge resin la Tour. Position of Contending Forces from 4 to 
5 p.m. . 
9a, Battle of Sedan. Position of Contending Forces towards Noon. 3d, # 
é 9p. Battle of Sedan. Position of the Germans in the afternoon shortly before the end — 
of the struggle. 3d. 
(See also S1nGE OPERATIONS). 


GERMAN ARMY. Cavalry. Drill Regulations. Cn the press) 


Ditto. Field Service Regulations. 1908. 1s. 
Ditto. ener Drill Regulations. Part IV. Tue IFicut. 
Ditto. Manceuvres Regulations. 1908. 3d. 


GERMAN FIELD ARTILLERY. Drill Regulations. 1899, 1s. 6d. 


GERMANY. ‘The Campaign of 1866 in. With 22 Plans in portfolio, 1872. 
(Reprinted 1907). 6s. y 
Ditto. Moltke’s Projects for. 1s. 


| we GUNNERY. Text Book of. Part I. 1907. 2s, 3d. (And see Ballistic Tables). 


GUNS. Handbooks for :—- 
60-pr. B.L. Mark I. Land Service. 1909. 1s. 6d. 
18-pr. Q.F. Land Service. 1909. 1s. ; fe 
aber is 5 Mark I. and Carriages, Marks I.*, I1.*, 111, and III*. Field Batteries. 
S. 
15-pr. B.L. Marks II. to IV. and Carriage, Wagon, and Limber Mark IV. Field: 
' Batteries. 1904. 1s. : 
15-pr. B.L. Converted Mark I., I1.,and IV. Section Gun Drill. 1909. 2d. 
13-pr.Q.F. Land Service. 1909. 1s. : 
12-pr. B.L. of 6 cwt. Marks I, to [V. and IVa, and Carriages Marks 1.*, I.**, 
and II. Horse Artillery. 1905. 1s, k 
10-pr. Jointed B.L. Mule Equipment. 1904 1s. 
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' MILITARY BOOKS, published by Authority—continued, 
é 


Guns. Handbooks for—continued. 

9*45-inch B.L. Howitzer. 1906, 9d. : 

9-2-inch B.L. Marks IX.,X., XV. Land Service. 1906. 1s. 6d. 

8-inch R.M.L. Howitzer of 70cwt. Movable Armament and Armament of Works. 
Land Service. 1901. 2s. 

6-inch B.L.and B.L.C. Guns, Mountings, &. 1904. 1s, 6d. 

6-inch B.L. Howitzer, 30 cwt. 1909. 1s. 

6-inch Q.F. Land Service. 1903. 1s. 

5:4-inch B.L. Howitzer. Mark I. 1902. 1s. 6d. 

5-inch B.L. Marks I.—V. 1904. 9d. 

5-inch B,L. Marks IV.—V. Land Service. 1903. 1s. 6d. 

5-inch B.L. Howitzer, 1909. 9d. 

5-inch B.L. Howitzer. Section Gun Drill. 1909. 2d. 

47-inch Q.F. Fixed Armaments, Land Service. 1904. 1s. 

47-inch Q.F. Fixed Armaments, Drillfor. 1909. 2d. 

4‘7-inch Q.F.B. (Mark IV*) on Travelling Carriage. Land Service, 1904, 1s. 

2-95-inch Q.F. Mountain. “Mark I. . Mule Equipment. 1906. 1s. 6d. 

‘803-inch and ‘303-inch Converted Maxim Machine (Magazine Rifle Chamber), 
a Carriages, M.G., Cavalry, Infantry, Parapet; Tripod and Cone Mountings, 
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ee Les 
0-308-inch Nordenfelt 3-barre! and Gardner 2-barrel converted from 0*4-inch 
ane 0:45-inch M.H. Chamber, Magazine Rifle Chamber, on Carriages. 1900. 
9d, 


HISTORICAL RECORDS OF THE BRITISH ARMY:— 

Horse Guards ; 17th Dragoons (Lancers). Each ds, ° 

Dragoon Guards, 3rd, 4th, 5th, 6th,and 7th. Hach 4s, 

Dragoons, 1st, 3rd, 6th, 7th, 14th, 15th, and 16th. Hach 4s. 

Ditto 9th, 12th,and 13th. Each 3s. 

Cape Mounted Riflemen. 3s. S 

Marine Corps. 3s. 

Foot, 2nd, 4th, 5th, 6th, 7th, 8th, 10th, 11th, 13th, 15th, 16th, 17th, 18th 19th, 
20th, 21st, 22nd, 28rd, 34th, 36th, 39th, 46th, 58rd, 67th, 7ist, 72nd, 73rd, 
74th, 86th, 87th, and 92nd. Each 4s. ‘ 

Do. 14th, 56th, 61st, 70th, and 88th. Each 3s. 

HISTORIES, SHORT, OF THE TERRITORIAL REGIMENTS OF THE 
BRITISH ARMY. 67 numbers, each 1d. In one volume, ds. 

Ditto. The Scots Guards. 1d. 

Ditto. The 6th (Inniskilling) Dragoons. 1d. 

HOSPITALS. MILITARY FAMILIES’. Nursing Staff Regulations. Dec. 

1909, 1d. 

HOSTILITIES WITHOUT DECLARATION OF WAR FROM 1700 TO 

1870, 2s, ; 


INFANTRY TRAINING. 1905. (Reprinted, with Amendments, 1908). 1s, 
(Under revision) 
Ditto. Amendments. Aug., 1909. 1d. 


INFANTRY. Mounted, Training, 1909. 6d. 
INSTITUTES. Garrison and Regimental. Rules for the Management of. 1907. 1d. 
INTELLIGENCE DUTIES IN THE FIELD. Regns. for. “1904, 2d. 


JAPANESE ARMY MANUALS. INFANTRY TRAINING. ‘Part ID 
Provisional, 1907. THs Compat. 3d. 


KING’S REGULATIONS AND ORDERS FOR THE ARMY 1908 1s, 6d 


KIT PLATES :— 
Artillery. Royal— 
1. Horse and Field. Kit in Barrack Room. 1903. 2d. 
2. Ditto, Kit laid out for Inspection. 1903. 2d. (Under revision) 
6. Garrison. Kit laid out for Inspection. 1904. 2d. 
10. Ditto. Kitin Barrack Room. 1909. 2d. 
Cavalry. 1891 1d. 
Engineers. Royal— 
- Dismounted. Detail of Shelf and Bedding. 1908. 1d. f 
2. Dismounted. Full Kit laid ont for Inspection in Barrack Room. 1908. 1d. 
4. Mounted. Full Kit laid out for Inspection in Barrack Room. 1899. 1d. 
5. Mounted. Detail of Shelf and Bedding, New pattern. 1899. 1d. 
Driver, with pair of Horses. Field Kit laid out for Inspection on Parade, 
including Articles carried in Valise on Baggage Wagon. 1899. 1d. 
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Ratetege nt : MILITARY, BOOKS, published S Authorty —continned. 
Kit Plates—continued. : ; 
Infantry— fs 

1. Kitin Barrack Room. 1905. 2d. 

2. Kit laid out for Inspection. 1905. 2d. 

Highland. 1884. 1d. 


LAW. Military. Manual of. 1907. 2s. 
LAW FOR THE RESERVE FORCES AND MILITIA. Manual of. 1886, 


1s. 6d. 
MAGAZINES .AND CARE OF WAR MATERIEL, Regulationsfor. 1908. 9d, 
Ditto. Amendments. _ In the press) 


MAP READING AND FIELD SKETCHING. Manual. 1906. 1s. 3d. (And 
see Schools, Army. ) 4 
MAXIM AND SMALL ARMS. Stripping, Assembling, Action, Jams, Misslires, 7 
Failures, and Inspection of. 3d. aM 
MECHANISM AS APPLIED TO ARTILLERY. Noteson. Second edition. 
1902. 1s. 
MEDICAL CORPS. Ko my :— 
Admission to, Regns. for. eel 1909. 1d. 
’ Standing Orders. 1907. 1s. 
Training. 1908. 9d. 
Ditto. Extract from. Part. II. Drills and Exercises. 1908. 8d. 
Ditto. . Part IIJ. Military Training. 1d. 


Ditto. Territorial). Memorandum on. 2d. | 
MEDICAL si PARTMENT. Army. Index to Appendices of Reports irom 1859 — 
to 1896. 3d. 
MEDICAL ORGANIZATION OF FOREIGN ARMIES, (Chiefly for War), 


1902. 1s. 

MEDICAL SERVICE. Army. Regulations. 1906. 6d. 

MEDICAL SERVICE. Strategical and Tactical Employment of the, as amt out 
in an Army Corps; with a series of Problems. ‘Translated from the Austrian, 
As, 6d. 

MEDICAL SERVICES. Army. Advisory Board for. The Treatment of Venereal — 
Disease and Scabies. First Report. 1904. 1s. 6d.; Second Report, 1905. 28.3 _ 
Third Report. 1905. 1s.; Final Report. 1906. éd. 

MEDICAL SERVICES OF FOREIGN ARMIES. Handbook of. Part I, 
Francs. 6d,; Part II]. GERMANY. 6d, ; 

MEKOMETER Handbook. 1904. 6d. (Under revision) 

MOBILIZATION Regns. 1909. 6d. jy 

MOTOR RESERVE. ARMY. Information regarding Appointment, Promotion, — Bs, 
and Conditions of Service. 1d. 

MUSKETRY EXERCISES. 1904, Provisional. 3d, (Under revision) 

MUSKETRY REGULATIONS, PartI. 1909. 6d. 

NUMBER OF TROOPS TO THE YARD in the Principal Battles since 1850. 
Memo. on, With opinions of Modern Authorities on limits of extension at the 
present day. 1884. 9d. 

NURSING IN THE ARMY. Queen Alexandra's Imperial Military Nursing 
Service. Reprinted from ‘‘ The British Medical Journal.” 1905. 1d. 

OFFICERS’ TRAINING CORPS :— 

Regulations. 1909. 2d. y 
Ditto. Inns of Court). Cn the press) 
Special A.O., March 16, 1908. 1d. 

OPTICAL MANUAL or Handbook of Ingtrnations for the guidance of Surgeons. 
Third edition. 1885. 1s. 6d. 

OPTICS. Noteson. 6d. 

ORDNANCE COLLEGE (and see Artillery Caer _— 

Advanced Classes. Reportson. Various. Hach 1s. 

Dynamics. Notes on. Second edition. 3s. 

Cae Mess (Royal Artillery) Management and First Principles of Book-keeping 
B 


Ordnance Courses. Reportson. Various. Each 1s, 
Regulations. 1907. Od. 

ORDNANCE CORPS. Army. Standing Orders 1906. 6d. 

ORDNANCE. SERVICE. Treatiseon. Seventh edition. 1908, . With vole 
of plates. %s.6d.; Amendments. June 1909. 1d. : 

ORDNANCE SERVICES. ARMY. Regns. Part I. 1909. 6d.; Part IL 
1908. 9d.; Amendments to Part II. Jan., Feb., June, Oct. 1909. Hach i 
Amended Appendix VIII. 2d. 

PATHOLOGICAL SPECIMENS inthe Museum of the Army Medical Department, 
ON g DS ci ets Catalogue of. Third Edition. Vol. I. By Sir W. Aitken ) 

D. 2. 58. 
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MILITARY BOOKS, published by Authority-continuod 


PHYSICAL TRAINING. Manual of, 14, 
PLACE-NAMES OCCURRING ON FORBIGN MAPS, §flulow for the Trane. 


literation of. 1906. 1s. 


POSITION-FINDER Handbook. 1908, 8d. 
. POSITION-FINDER. Application of, to Coast Batterios, Notowon, 1004, Ud, 
PROCEDURE Rules. 1907. 4d. 

PROJECTION, &c. Linear Perspective. A Toxt-Book for uso of tho KM. 


Academy. PartI.—Text. Part Il.—Plates. 1904. 6s. 


PUBLICATIONS (RECENT) OF MILITARY INTEREST. Lint of. 
Quarterly. 2d. (Except Nos. 9, April 1909; 10, July 1909; and 11, Oct, L900. 
4d. each). 


RAILWAY DISTANCES. Ireland. Handbook of. Third edition, 1884, 7a, 6d, 
RANGE-FINDER Handbooks :— 


Depression. For Elevated Batteries. Land Service. 1905, 4d. 
Ditto. Amendments. 1d. 

Marindin. Infantry pattern. 1908, 3d. 

Watkin. Regulations for Instruction in, and practice with. 1882. 1s. 


RANGE-FINDING. FIELD. With Watkin Field Range-finder and Telometer 


Handbook. 1904. 6d. 


RANGES. MINIATURE CARTRIDGE (:220 bore), Instructions for the Construc- 


tion and Inspection of. 2d 


RECRUITING FOR THE REGULAR ARMY AND SPECIAL RESERVE. 


Regulations. 1909. 6d. 


REMOUNT MANUAL. 1906. 6d. 
REQUISITIONING OF SUPPLIES, TRANSPORT, STORES, ANIMALS, 


LABOUR, &c., IN THE FIELD. Instructions for the. 1907. 1d. 


RHODESIA. Southern. Précis of Information concerning. Jan., 1899. 2s. 
RIFLE RANGES. Care and Construction of. Instructions for. 1908. 3d. 


RIFLES, &c. Cleaning of. . Notes on the. 1909. 25 for 6d. 
RUSSIAN MILITARY AND NAVAL TERMS. Dictionary of. 1906. 35. 6d. 


RUSSO-JAPANESE WAR :— 


Medical and Sanitary Reports from Officers attached to the Japanese and Russian 
Forces in the Field. 1908. 5s. 
Official History. Part I. Causes of the War. Opening Events up to and including 
the Battle of the Ya-lu. Second edition, 1909. 1s. 6d. ; 
Part Il. From the Battle of the Ya-lu to Liao-yang, 
\ exclusive. 1908. 5s.; Part III]. The Siege of Port Arthur, 
; 1909. 4s. 6d.; Part IV. Liao-yang. 4s. (Jn the press); Case 
for Maps of the Complete Work. 9d. 
Reports from British Officers attached to the Japanese and Russian Forces in the 
Field, In three Vols., with two cases of Maps (not sold separately). 218. 


‘«SAM-BROWNE” BELT, SCABBARD, AND SWORD KNOT. Specifica- 


tion and Drawings. 1899. 1d. 


SANITATION IN ITS APPLICATION TO MILITARY LIFE. Manual of. 


1907. 2d. 


SCHOOLS. Army :— 


a 
Map Reading. Notes on. 3d. (And see Map Reading and Field Sketching). 
Physiology. Elementary. Handbook. 1901. 1d. ' 
Regulations. 1906. 4d. \ 
School Hygiene. Handbook of. For Teachers. 6d. 
Singing in. Regns. for Teaching. 1901. 1d. 
Standing Orders for Inspectors, Examiners, and Teachers. 1909. 6d. 
Technical Terms, with Definitions, and of Words of Frequent Occurrence in Army 
Orders. Lists of. 1906, 2d. 
Type Bxercises of Extracts from Regimental Orders for use of Candidates for 
Third-class Certificates of Education. 1900. 3d. 


SCOUTS. Training and use of. Lecture by Col. F. C. Carter, 1905, 2d. 
‘SCREWS. Standard Leading. Provision of, for Screw-cutting Lathes, Report of 


Committee. 1905. 1s, 


SEVASTOPOL. Siege of. 1854-55. 3 vols., with Case of Maps and Plans. Half 


or., £5 4s. Cloth, £4 4s. 
Or separately :—Vol. I. Rngineer Operations. £1 6s.; Vol. Il. Ditto. With 
Case of Mapsand Plans. £210s.; Vol. Ill. Artillery Operations. 10¢, 
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EWAGE. Practical Treatment of. The latest development of. 1908. 6d.” 


SIEGE OPERATIONS in the Campaign against France, 1870-71. (Von Tiedemann). 
Translated. 4s. 6d. 


SIGNALLING. Training Manual. 1907. 6d. 
SMALL ARMS Text Book. 1909. With Tables. 2s. 6d. . 
SMALL WARS. Their Principles and Practice. Third Edition. 1906, (Reprinted 
- 1909.) 4s. 2 
SOMALILAND. Military Report on. 1907. Vol. I. Geographical, Descriptive, 
i and Historical. 2s. 
Ditto. Operationsin. 1901-04. Official History. Vol. I. 3s.; Vol.II. 4s. 


SOUTH AFRICAN WAR, 1899-1902 :— 
Medical Arrangements. 7s. 6d. — 
Surgical Cases Noted. 7s. 6d. 
Railways. 4s, 
Telegraph Operations. 10s. 
Voluntary Organisations in aid of the Sick and Wounded. Report of the Central 
British Red Cross Committee on. 1902. 3s. 


SPECIAL RESERVE :— 
OFFICERS. Instructions relating to First Appointment, Training, &c. June, 


’ 


1908. 1d. 
REGULATIONS FOR OFFICERS OF THE SPECIAL RESERVE OF 
‘ OFFICERS, AND FOR THE SPECIAL RESERVE. Provisional. Revised 


to Sept. 30, 1908. 4d. 

SCHEME FOR THE PROVISION, ORGANIZATION, AND TRAINING OP 
THE SPECIAL RESERVE required to supplement the Regular Army, 
and the Application of the Scheme to the existing Militia. (Special A.O., 
Dec. 23, 1907.) 2d. 

SCHEME FOR THE PROVISION, ORGANIZATION, AND TRAINING of 
that portion which will be drawn from the Territorial Force to supplement the 
Regular Army on Mobilization being ordered. (Special A.O., Noy. 20, 1908.) 2d. 


STAFF COLLEGE Regulations. 1909. 1d. 


STAFF. eer Duties of. (Von Schellendorf). Fourth Edition. 1905. (Reprinted, 
1908.) 5s. 


&: STATIONS OF UNITS OF THE REGULAR FORCES, MILITIA, — 
SPECIAL RESERVE, AND TERRITORIAL FORCE. No. 26. Oct. 1909, 2d. 


STATUTES relating to the War Office and to the Army. 1880. 5s, 
STATUTORY POWERS of the Secretary of State, Ordnance Branch, 1879. 5s. 


- STEAM ENGINES AND BOILERS. Management of. Notes and Memoranda, 
1909. 1d. 


STORES used in H.M. Service. Priced Vocabulary of. Land Service Stores and °, 
Stores common to Land and Naval Services, 1909. PartI. 1s, 6d.; Amend- 
ments. Oct 1909. 1d.; PartII. 38s.; Amendments. Oct. 1909. 1d 


SUDAN ALMANAC. 1910. Compiled in the Intelligence Department, Cairo. 1s. 


SUDAN. The Anglo-Egyptian, A Compendium prepared by Officers of the Sudan 
Government:— 

Vol. I. Geographical, Descriptive, and Historical (with LHighty-two Illus- 
trations). 10s. / j 

Vol. Il. Routes. 7s. 6d. (Not containing Chapter VII., Supplement (A).) 

Ditto. In Separate Chapters, 1s, each:— 
I. and II., Ml. III. North-Eastern Sudan. IV. Eastern Sudan. V. 
Central Sudan. VI. South-Eastern Sudan. VII. Bahr-el-Ghazal. VIII 
Kordofan. IX. North-Western Sudan. 

Ditto. Chapter VII. Supplement (A). Bahr-el-Ghazal. Additional Routes. 1s 


SUDAN CAMPAIGN. History of the. Two parts, and Maps. 1890. 15s, 
SUPPLY MANUAE (WAR). 1909. 6d. 


SUPPLY, TRANSPORT, AND BARRACK SERVICES. Regulations 
1908. 9d. % 
SURVEYING. Topugraphical and Geographical. Text Book of. 1905. 3s. 6d. 
- Ditto. _ Appendix XI. Tables for the Projection of Graticules. 4d. 
SURVEYS (Government) of the Principal Countriés. Notes on. Supplement. A 
Guide to Recent Large Scale Maps, including both Surveys snd Compilations, 
' together with a List of some Large Scale Atlases. 1899. 5s. 6d. 
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MILITARY HOOKS, published by Authority continued, — 


SWEDEN AND NORWAY. Arimlowof, Handbook, IWOl tn / 

SWISS ARMY. Ilandbook, 1K0K, td, ; 

THLEGRAPH LINKS, FINLD,  tnatruction tn Laying aod Matitataligy 
107, Gd. 

TRELEGRAPHY AND THLEPHONY. Army. — Inatrnotlon in Volt 
Instruments, a. 6d,; Vol tl. Linen la 

TRLEPHONES IN THE FIELD. Tochnioal Instructions for the Une of, 
Provisional, 1908, 2d. 

TELESCOPES AND BINOCULARS. SERVICER. Notew on, 100, i 


TELESCOPIO SIGHTS. Handbook. Land Service, 1904, 4d. 


TERRITORIAL FORCE (and sce Mquipmont ; Mstablishmonts) y 
Definition of ‘¢ Corps” for the purposes of the Army Act. Spocial A.O,, Maroh Oy 
1908, enclosing the Royal Wartait dated March 80, 1908, 1d. 
Exemption from Jury Service. 4d. 
Leaflets:—No. 1. Organisation and Principles; No, 2. Torms and Oonditions of 
Service; Service of the Imperial Yeomanry. 1d. each, or bd, por doxvon, or 


8s. per 100. 
Organisation and Establishment. Special A.O., March 18, 1908, 6d. 
Regulations for the, and for County Associations, 9d.; Amendments. Aug. 


1909. 1d. 

Scheme for the Transfer of the Honourable Artillery na fea the [mporial 
Yeoma: in Great Britain, and the Volunteer Force, and their Reorganisation 
into the Territorial Force. Special A.O., March 18, 1908, 2d. 

Training. Provisional. 2d. 

Transfer of Units to the. Special A.O., March 20, 1908, enclosing the Order in 
Council dated March 19, 1908. 2d. 

Uniform. Special A.O., June 12, 1908. 1d. 


TRACTOR TRIALS held by the Experimental Sub-Committee of the Mechanical 
Transport Committee at Aldershot, Sept. and Oct., 1903. Report on. 6d. 


TRAINING AND MANGUVRE REGULATIONS 1909. 4d, 


TRANSPORT MANUAL. Field Service. 1905. Part I. Provisional. 4d, 


TRANSPORT. MECHANICAL. Regulations for the Appointment of Inspectors of. 

Cn the press 

TRUMPET AND BUGLE SOUNDS for the Army. With Instructions for whe 
Training of Trumpeters and Buglers. 1909. 9d. 


TYPHOID (ANTI-) INOCULATION COMMITTEE. Report on Blood Ohanges 
following Typhoid Inoculation. 1905. 1s. 6d. . 


UGANDA PROTECTORATE. Précis of Information Sept., 1902. 5s. 6d. 
URDU-ENGLISH PRIMER. For the use of Colonial Artillery. 1899, 15s. 
VALISE EQUIPMENT. . Instructions for Fitting :— 


Pattern 1888 with pattern 1894 Pouch opening outwards. 1895. 1d. 
Bandolier pattern. 1903. 2d. 


VALPARAISO. The Capture of, in 1891. 1s. _ 
VENEREAL DISEASE. See Medical Services. 
VETERINARY CORPS. Army:— 


Regulations for Admission. 1906. 2d. 
Standing Orders. 1906. 


VETERINARY SERVICES. Army. Regulations. 1906. 3d. 


WAR OFFICE LIST, AND ADMINISTRATIVE DIRECTORY FOR THE 
BRITISH ARMY. 1909. Sold by Harrison § Sons, 45, Pall Mall, 5s. net. 


WAR ON LAND. Laws and Customs of. As defined by the Hague Oonvention of 
1899. Edited by Professor T. EH. Holland,K.O, 1904. 6d. 


WATER SUPPLY MANUAL. (In the press) 
X-RAY APPARATUS. Hints Regarding the Managemont and Use of. 8d. 
ZULULAND. Précis of Information concerning. Witha Map. Dec., 1894. 4s. 


ZULU WAR OF 1879. Narrative of the Field Operations connected with the, 1881 
(Reprinted 1907). 8s, 
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